> COMPLEXING BEHAVIOURS 
OF 

2,4-piTHIOURAClL AND 3,4,5-PYRlDAZINE TRITHIOL 


A Thesis Submitted 

In Partial Fulfilment of the Requirements 
for the Degree of 

DOCTOR OF PHILOSOPHY 


BY 

J. S. DWIVEDI 



DEPARTMENT OF CHEMISTRY 

INDIAN INSTITUTE OF TECHNOLOGY KANPUR 

DECEMBER, 1972 




DEDICATED 
T 0 


MY PARENTS 



CONTENTS 


Page 


STATEMENT 



* * * 

i 

CERTIFICATE I 


• • • 

• * • 

ii 

CERTIFICATE II 


w « • 

« • « 

iii 

ACKNOWLEDGEMENTS 


» <1 

* m * 

iv 

PREFACE 



♦ 9 •" 

• « « 

V 

CHAPTER 

I 

Introduction 

• 0 • 

• « • 

1 

CHAPTER 

II 

Chelating Behaviour of 

2 , i-Dithiouracil-I 

(Co(II), Ni(ll), Cu(ll), Cd(ll), 

Pb(ll), Ag(I), T1(I) and.Au(II)) 


* • « 

55 

CHAPTER 

III 

Chelating Behaviour of 
2,4-I)ithiouracil-II . 

(Rh(III), Ru(ill), Pd(ll), 

Pd(IV), Pt(II) :and Pt(IV)) 

• « • 


83 

CHAPTER 

IV 

Chelating Behaviour of 

2 , 4-Dithioviracil-i II 

(Pd(0), Ph(I), Rh(II) and Ru(II)) 

• « « 

• • « 

99 

CHAPTER 

V 

Chelating Behaviour of 
3,4,5-P7ridazine Trithiol-I 
(Go(II), Cu(II), Ni(ll), 

Fe(lII) and Or till)) 

# % 


120 

CHAPTER 

VI 

Chela.ting Behaviour of 
3,4,5-P:vrida!3ine Trithiol-II 
(Pd(0), Pd(II), Rh(I), fih(II), 
Rh(III), Ru(ll), Ru(III )5 

Pt(II) and Pt(IV)). 

• * * 

*' • « 

139 

CHAPTER 

VII 

Chelating Behaviour of 

5,4, 5-Pyridazine Trithiol-II 
(Au(III), Pb(II), Cd(II), 

Ag(I), T1(I) and Hg(II)) 

« « * 

» • » 

^ 166 

CHAPTER VIII 

Summary 

• • « 

« « » 

183 

1, 1ST OF PUBLICATIONS 

• * • 

• * » 

vii 


VITAE 


viii 



i 


STATEMENT 

I hereby declare that the matter embodied in this 
thesis is the result of investigations carried out by me in 
the Department of Chemistry, Indian Institute of Technology 
Kanpur, India, under the supervision of Professor U. C. Agarwala. 

In keeping with the general practice of reporting 
scientific observations, due acknowledgement has been made 
wherever the work described is based on the findings of other 
investigators. 



(j.'sT DWIVEDI) 


JJU_LL..||| iilwiiii-1 - » 

PO.vr GRADUATE OFFIC3B 
This thesis has been approved 
f«r the vvard of the Degree of 
Docttu t;f Philosophy (PI1.D.) 
in as" , ounce with the 
regul-t io jS of tli Indiai- I 

Instiiute ofTechnolorjy Xanpoc | 
- 


I 



ii 


DEPARTMENT OF CHEMISTRY 
INDIAN INSTITUTE OF TECHNOLOGY KANPUR 


CERT IFICATE I 


This is to certify that Mr. J. S. Dwivedi has satisfactorily 

completed all the courses required for the Ph.D. degree programme. 

Those courses include: 

Chm 501 Advanced Organic Chemistry I 

Chm 521 Chemical Binding 

Chm 523 Chemical Thermodynamics 

Chm 524 Modern Physical Methods in Chemistry 

Chm 534 Electronics for Chemist 

Chm 541 Advanced Inorganic Chemistry I 

Chm 542 Advanced Inorganic Chemistry II 

Chm 622 Chemical Kinetics 

Chm 642 Applications of Nuclear Chemistry 

Chm 800 Gen. Seminar 

Chm 801 Special Graduate Seminars 

Chm 900 Post-Graduate Research 

Mr. J.S. Dv^ivedi successfully completed his Ph.D, 

Qualifying Examination in September 


(P.S. GOEL) 

Head, 

Department of Chemistry 



(U.C. AGARWALA) 


Convener 

Departmental Post-Graduate Committee 



CERTIFICATE II 


Certified that the work contained in this thesis 
entitled, "COMPLEXING BEHAVIOURS OF 2,4-DITHIOTJRACIL AND 
5,4,5-PYRIDAZINE TRITHIOL", has been carried out by 
Mr. J. S. Dwivedi under my supervision and the same has not 
been submitted elsewhere for a degree. 



TJ. C. Agarwala 
Thesis Sunervisor 
Assistant Professor 
Department of CheBiistry 



iv 


ACKNCWI^EDGEMENTS 

It is with great pleasure that I place on record my deep 
sense of gratitude to Professor U. C. Agarwala for suggesting the 
problem and encouraging me throughout these investigations with his 
invaluable guidance. 

I wish to extend my sincere thanks to Professor C.N*R. Rao, 
Department of Chemistry and Professor R. Prasad, Department of 
Humanities for their encouragement and help without which work would 
have been difficult to complete. 

The helpful discussion with Dr. T. Sharraa (Head, Department of 
Chemistry, University of Bihair, Muzaffarpur) is gratefully acknowledged. 

I also wish to thank my colleagues, Mr. R. K. Poddar, Mr. I.P.Khullar, 
Mr. M.R. Gajendragad, Mr. K. Natarajan, Mr. Okhil Medhi, Dr. S.K. Dikshit, 

Dr. P.B. Rao, Dr. (Mrs.) Lakshmi for the valuable help they have rendered 
during my work. Thanks are aJ.so due to colleagues of Core Laboratories 
for their help and cooperation. 

Valuable assistance provided by Mr. R.D. Singh for typing the 
thesis, Mr. A.H. Siddlqui for microanelyses of all the samples and 
Mr. R. K. Bajpai for tracing the figures is duly acknowledged. 

Finally, I wish to express iry sincere thanks to the authorities 
of the Indian Institute of Technology, Kanpur, for providing me the 
scholarship and necessary facilities. 


Kanpur 

December, 1972 


J.S. Dwivedi 



V 


PREFACE 

There has been considerable interest in the last twenty years 
in the study of the complexes with ligands having sulphur as donor 
atom. However, a coherent picture of the donor acceptor relationship 
between sulphur and the metal ions is not yet clear. It will, therefore, 
be interesting to study the complexes of sulphur pontaining ligand in 
order to seek a correlation between the different physico-chemical 
properties of the various metal complexes of sueh- lig^g^. In the 
present work such a correlation is attempted. The liganffe ecployed for 
complexation are (i) 2,4-dithiouracil & (ii) 3,4,5-pyridazine trithiol. 

The metal ions used as central cations are: Pd(0), Pd(ll), Pd(IV), 
Pt(II), Pt(IV), Rh(I), Rh(ll), Rh(III), Ru(II), Ru(III), Co(ll), Ni(II), 
Cu(II), Cr(III), Fe(III), Pb(II), Cd(II), Au(III), Ag(l) and T1(I). 

The complexes of the above mentioned cations with the ligands 
have been characterized by elemental analyses, spectroscopic (visible 
and i.r.) and magnetic susceptibility data. Their probable structures 
have been elucidated on the basis of the above studies. 

In Section A of the thesis, the methods of preparation of the 
various metal complexes with 2,4-dithioTxracil are given. It has been 
suggested that its complexes with Ra(ll), Rh(III), Pd(lV), Pt(lV), 

Hi (with pyridine) are octahedral, Cu(II) and Ni (without pyridine), 
distorted octahedral, Ru(III), octahedral with metal -metal interaction, 
Pd(0), Cd(II), Pb(II), Tl(I) and Ag(I), tetrahedral and those of 



Rh(I), Eh (II), Pt(II), Pd(II) and Au(III), square planar. It has 
also been found that the ligand is behaving as tetradentate in 
Cd(II), Ni(II), Pb(II) and Ru(II), tridentate in Cu(II), bidentate 
in Co(II), T1(I), Eh(III), R'a(III), Pd(II), Pd(IV) , Pt(II), Pt(IV), 
and Sii(II) and monodentate in Ag(I), Pd(o) and .Rh(I). 

In Section B of the thesis, the methods of preparation of 
the various metal complexes with 3,4,5-pyridazine tri thiol are given. 
This ligand, apart from having H-N-C-S group also contains 1,2-dithio- 
lene group. It has been suggested that its complexes with Ru(II), 
i^(III), Pt(IV), Rh(II), Ra(III) and Cu(II) are octahedral, Ni(II), 
distorted octahedral, Pd(o), Cd(II), Pb(II), Hg(II) and T1(I), tetra- 
hedral, ?t(II), Pd(ll), Au(III), square-planar and those of Fe(III) 
and Co (II) probably pyramidal or square-planar. The ligand behaves in 
these complexes as mono-, bi-, tri-, tetra- or pentadentate . 



CHAPTER I 


INTRODUCTION 


OB JECT AND SCOPE OF WORK 

The available data on metal-siilphtir bond are not sufficient 
to provide a fairly coherent picture of the donor acceptor relation- 
ship between sulphur and transition metal ions. The nature of the 
ligand as well as that of the central atom plays an important role in 

deciding the position of the metal-sulphur stretching frequency in 
1-5 

complexes. In the last few years, a considerable interest has 
been taken to study the electronic structure of square-planar 
conplexes. This interest is partly due to the fact that relative 
energies of the d-orbitals in square planar complexes are not known 
with certainty and partly because the principal factors involved in 
the stabilization of the square planar geometry of the transition 
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Q^Q 

metal complexes have not yet been coirpletely resolved. Gray, et al. 

have shown that these factors may be (a) involvement of the metal 

out of plane orbitals (d d, and p„) in an extensive 7t -orbital 

xz’ yz ^z 

network spanning the entire coflplex and thus allowing as inuch deloca- 
lization of the charge as possible, (b) the nature of the metal-ligand 
bond (predominating cr- or -character in the bond). They have 
reasoned that the way to stabilize the planar geometry is to involve 
the metal p^ valence orbital in such an extensive TT -orbital network 
that the total TT -stabilization would overcome the extra stability 

gained when p„ orbital is used to form extracT" -bonds wilii axial groups. 
z 

9 

For most simple ligands the metal-donor atom stretching 

—1 

frequencies are expected in the range 250-600 cm . The framework 

bending vibrations cover a wider frequency range, being as high as 
—1 -1 

800 cm and as low as 100 cm * It is clear then that in order to 
derive detailed information about the potential forces within the 
framework of a complex, spectra must be mearured to low energy. The 
replacement of ligand or metal ion in a complex is generally acconpanied 
by (a) an increase in point mass and equilibrium separation may be 
expected to decrease the corre ponding frequencies and in case the 
ligand replacement involves a change in bond-type, it will have a 
more pronounced effect leading to an increase in frequency as the 
bond order increases, (b) a variation in bonding capacity of the 
central metal ion in complexes MiL, where Mi are the various metal 
ions and L is a particular ligand. 
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It will, therefore, be inhere stine to seek these types of 

* 

correlations using, various types of sulphur containing ligands and 
different metal ions, as the central atoms in the complexes. Even 
more interesting will be the study of those conplexes, where there 
is an extensive delocalization of charges. The present work is an 
attempt in the direction of seeking such a correlation between the 
different physicochemical properties of the coirplexes with ligands 
having thiocarbonyl or thiol sulphur and nitrogen as potential donors. 
Moreover, the ligands chosen in this study are such that the charge is 
delocalized between thiol sulphur and thiol sulphur and thione sulphur 
and nitrogen atoms. This may lead in a semi-quantitative way to a 
better understanding of (a) the donor property of sulphur in general, 
(b) nature of metal- sulph\xr link, (c) position of the ligands, having 
sulphur and nitrogen or stilphur alone as donor sites, in the spectro- 
chemical and nephelauxetic series, (d) stereochemistry and coordination 
number of the transition metal ions and finally, (e) the stability of 
square-planar conplexes with ligands having declocalized system. The 
ligands whose complexing properties have been studied in this thesis 
are 2,4-dithiouracil(I)^^ and 3,4,5-pyridazine trithiol(II) 
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2,4-Dithiouracil(I) , which is assumed in thione form (reason citfed 
elsewhere ) has two thiocarbonyl sulphiir and two nitrogen at cams as 
potential donors. Thus, it can act as mono-, or hi-., or tri-, or 
tetradentate ligand as shown by the structures III, IV, V and VI. 



(V) (VI) 

Moreover when the ligand is behaving as bidentate, the metal 
ion can form either a simple salt VII by linking with one of the 
nitrogen atoms or an inner coHiplex VIII or a polymer IX by forming 
bonds with nitrogen and sulphur atoms. In the stnictures VII, VIII 
and IX, the coordinations utilizing 2,3-positions have been shown. 
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However, the coordination utilizing 1,2-. or 3,4-positions may also 
take place. 
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(VII) (VIII) (IX) 

Similarly, 3,4,5-pyridazine trithiol(II) has two nitrogen and three 
svilphur atoms as potentiaJ. donors and it can act as mono-, or hi-, 
or tri-, or tetra-, or pentadentate depending upon the mode of 
linkage with the metal ion. Also the ligand can either act in 
the form of thione-thiol (X) or thiol (II) as shown below: 
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It has been well established that some of the transition 
metal ions have a greater affinity for sulphur as compared to other 


/ \ 
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atoms (cf. class 'a’ and 'b' type metal^^ or hard and soft acids)^"^ 
which could tentatively be explained in the light of Tf -bond formation, 


* Though there have been some doubts regarding this explanation. 


the symmetry of the ligand field and the hybridization involved. 

Thus, the metal ions used, for complexation in these studies are 
class ‘b' metal, like rhodium, ruthenium and platinum. 

In the first and second parts of the thesis the preparation 
of the complexes of Rh(I), Hh(II), Hh(III)j Ru(II), Ru(III), Pd(o), 
Pd(II), ?d(IV), Pt(II), Pt(IV), Au(III), Co(II), Cu(II), Nl(II), 
?e(III), Cr(III), T1(I), Ag(I), Pb(II), Cd(II) and Hg(II) have been 
reported. The stoichiometries, bond types and the oxidation states 
of the central metal ions in these conplexes (given in Table I) have 
been studied by the infrared and visible spectra, and the magnetic 
susceptibility measurements. The stoichiometries and spatial arrange- 
ments of these complexes have been given in Table I. 


NATUBE OF METAL SULPHUR BOND 

The strength and stability of meteil donor bond depends upon 
the nature of the metal and the donor atom of the ligand, their size, 
electronegativity, nature of the orbitals involved and their over- 
lapping capacity, more specifically on their electronic structure. 
The ligand donor atoms may be attached with other atoms, the number 
and the nature of which will also influence the stability of the 
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T able I (continued ) 
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M-L bond. It is very difficult to isolate the influence of the nature 

of the donor atom on the stability, since the donor atom must be 

considered in relation to the acceptor atom. However, the difference 

in the stabilities of bonds between M-L^ and M-Lp, where and 

are different donor atoms and M, the same or similar metal atoms, can 

be correlated with the electronic properties of and Ig. Thus, the 

nature of metal-sulphur bond can be studied under two headings: (a) study 

of the relative affinities of different metal atoms for sulphur, (b) study 

atoms 

of sulphxir as donor^relative to other donor atoms when attached to the 
same or similar metal atoms. 


4'ii 

In the extreme ionic bonds, we suppose that a metal ion M 
is attached to a certain number of ligands either charged or imcharged 
in which the bonding energy between metal and ligand is purely electro- 
static type (ion-ion, ion-dipole or dipole-dipole attraction). In 
extreme covalent type, the bonding is essentially of the type familiar 
in the covalent bonds, for example, in hydrogen molecule. However, in 
metal to ligand bonds, the extreme covalent type of bond cannot exist 
as (a) the bonded atoms are of different size, (b) they have different 
electronegativities, and (c) they have different polarizabilities. 

Thus, in most of the cases the bonds will have some polar character. 

Besides cr*" -type of covalent bonds, in which the electron 
density is greatest along the internuclear axis, 7^ -type of bonds 
are also formed in metal complexes either by the donation of lone 
pair of electrons from metal to ligand donor atoms or by the ligand 
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donor atoms to metal atoms. The formation ofH -bond affects the 

bonding ener^ tremendously. In transition metal complexes If -bond 

maj'' be either d-^ - (e*g« in .Ni(CO)^) or d^ - d,jj. (e.g. in 

NiCPFj)^) type. In the complexes of pho^hine or arsine, the 

situation is not clear cut, and the general consensus seems to be 

17-19 

against extensive H -back bonding. 

SULPHUR AS A DONOR ATOM IN REIATION TO OTHER DONOR ATOMS 

The polarizabilities of the common donor atoms fall in the 
series F'”< 0~^ < Cl~< Br"'< l"— • S~^<C Se”^< Te""^ which is just the elec- 
tronegativity series in the reverse order. Since the increased 
polarizability of an atom means the increassd tendency to form a 
covalent bond, the metal sulphur bond should have more of partial 
covalent character than that of M-0, M-Cl, M-Br, and M-F bond. 

The polarizability and the electronegativity, thereby the covalency 
of the bond are changed by the presence of other groups or atoms 
attached to the donor atom. The aforesaid statement is true only in 
those cases vrhere the donor atoms are acting as ligands in the form 
of elementary ions. Generally the donor atoms (N and S) do not exist 
as elementary ions but in the combined state. This will make the 
electronegativity of the donor atoms different from that when they 
are present as elementary ions. Thus, incite of decreased tendency 
of the electronegativity with the increasing atomic weight in a group, 
the covalent character of the bond may not increase with the atomic 
weight. In fact, no large variations are observed in the bonding 
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energy of the metal atoms with the heavier members of siilphur group 
and this effect is so prominent that for the heavy members of the 
nitrogen group the reverse sequence P>As>'Sb holds. (Fajan 
argues that the relative polarity of the two adjacent bonded atoms 
depends notonly on the polarization properties of the two bonded 
atoms, but also on the quantization. A different quantization of a 

particular atom can lead for the same two bonded atoms, two relative 

-f — ^4* 

polarities A B as well as A B ) . 

Another factor influencing the coordina-ting ability of the 
ligand is its total dipole moment = P 4- d' E, where P is permanent 
dipole moment; oC , the polarizability and E, the field strength. Higher 
the dipole moment, higher is the coordinating ability) . Thus, inspite 
of higher polarizability of sulphur in H^S, compared to RgS, the 
latter has a greater coordinating ability than H^S due to the 
higher dipole moment of RgS. Also the coordinating ability of HgS is 
much lover than that of H^O inspite of the higher polari- 

zability of the sulphur compared to oxjrgen. Thus, H^S will bS bonded 
preferentially to cations having high field strength (high charge) 
while with low field strength, the reverse will hold. 

Besides, the effect of polarizability on the type of bond 
formation between donor and acceptor^influence of low lying d-orbitals 
capable of forming d^ - d^ bonds on donors such as S, Se, Te, P, 

As, Sb etc. also deserve some discussion. If the metal ions have 
electrons in the d-orbitals, they may have a strong tendency to form 
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a bend of an order higher than one by back donation. However, this 
type of back donation is not possible with those metal ions having 
no or only a few electrons in the d-orbitals and also with 0, N, F 
containing ligands (Ahrland has pointed out that the presence of 
filled or nearlj^' filled d-orbitals is one of the conditions for 
effective back-donation). Such Tf -back bonding could easily explain 
the large difference between the affinities of the transition metal 
ions of the latter half of the periodic tabic, for the first donor 
atoms of each group (N, 0, F) and for the second third etc., 
donor atoms of the same group (S, Se, Te, P, As etc.) having low 
lying vacant d-orbitals. ’ This difference in the affinities 

is far greater than is expected from the increase of the polarizability 
alone. The presence of Tf -back bonding is still an unsettled problem. ■ 

The effects of the decrease in the polarizability and the 
number of lone pairs on the sulphur atoms in the order S > RS >> S^S 
should also be taken into account on the bonding properties of the 
sulphur as donor . Williams consideis that the principal difference 
between thiols and thioethers as ligands is that in '^e former sulphur 
is more polarizable but not as effective d^, -electron acceptor as 
the latter. 

Taube^^ has shown that it is the back bonding between metal 
and ligand atoms which is re sensible for the difference in the stability 
of complexes with ligands having F, 0, N on the one hand and S, P, Se on 


the other. 
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From the above discussion it appears that in complexes 
formed by ligands containing. N, 0 or F, the bonding should be mainly 
ionic in contrast to that in the complexes formed by coordinating 
with heavier donor atoms (S, Se, P etc). 

KEIATIVE AFFINIIIFS OF METAL IONS FOR SULPHUR 

The effect of the metal ion on metal-sulphur <s^ -bond will 
depend on the ionization potential, electron affinity and the ionic 
(or covalent) radius of the metal ion. If the metal-sulphur bond is 
formed in solution by replacement of one ligand by another, the 
solvation energy also plays an important part in the formation of 
the compound due to different A G (free energy change) values in the 
gas and the solid phases. Besides, the strength of the metal-sulphur 
bond will also be affected by the presence of the non-bonding 
electrons in the low lying orbitals on the metal ions. 

p Q 2 A 2 ^ 

Earlier, Coats and Williams, Carle son and Irving tried 
to arrange the metal ions into groups according to the affinity for 
0, S*..., and halides- It was first in 1958 when Ahrland, Chatt and 
Davies'*' devided the metal ions into two classesj (l) class 'a^ metal 
ions which form the most stable complexes with the first atoms of 
each group (O, N, F), (2) class 'b' metal ions which form the most 
stable complexes with the second or subsequent atom, in aqueous 
solution. 

For class ’a’ metals the sequence in the stability of the 
conplexes occurs as 0b!^Sb*Se^Te. For class *b’ metals the sequence 
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Si%>0 occurs, but any sequence can occur between S, Se and Te. In 

all the complexes the stability was measured by free energy change 

of a reaction, usually quoted just as an equilibrium constant, without 

any regard to solvent. It was stated that class 'b’ cationic acceptors 

(in water) in their normal valence states form a more or less triangle 

with somewhat diffused border in the particular part of the periodic 

table. The base of the triangle stretches in the sixth period (from 

about tungsten to polonium) and it has its apex in the first period 

at copper as given in Fig. 1. Coordination of CO, CNR occurs 

15 

only with metals of pronounced b-character. Ahrland and coworkers 

proposed that this order of affinity of class 'b' metal ions depends 

on the availability of electrons in (n-l)d orbitals of the metal for 

11’ -bonding. The general idea that the 'FT -bonding from metal ions to 

34: 

halides is important has been criticized by many workers. Various 

workers^ have given different explanations for 'a’ and ^b’ type 
of behaviour towards halides which coiald be extended to sulphur. 

Pearson classified metal ions and ligands into hard 

and soft Lewis acids and bases. This classification of metal ions 

13 

is similar to that, by Ahrland, Chatt and Davies. The experimental 
observations suggest that hard acids combine preferentially with hard 
bases and vice-versa. The explanation ’ for this observation, 
given by Pearson, includes; (a) various degree of ionic and covalent 
bonding, (b) 'TT -bonding, (c) electron correlation phenomenon, 

(d) solvent effect y and (e) van der ¥aals forces. 
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40 

■Williams and Hale deplored the quantitative notion of 
hard and soft acids and bases. They believe that the a/b classi- 
fication is little more than a reflection of cr -bonding and the 
gross controlling factor of the classification is clearly the relative 
importance of ionic and covalent bonding vhich has been measured by 
the value of l/(I.P. x Vg), where I.P. is the ionaation potential 
of the acceptor and rgthe metal ligand bond distance. The higher 
the value of this function, the higher is the ionic character of 
the bond. The percentage ionic character, when an acceptor of one 
"typ® goes over to an acceptor of the other depends upon the charge, 
the type of the reactants and the solvent (ligand) bound to them. 

They further believed that London energies and classical polarization 
are also important to some degree, but as with TT -bonding no quanti- 
tative demonstration of these effects has been done. 

/ 41 

Jprgensen classified the class *b' metal ions into three 

types; (i) metals with unusually low oxidation n-umbers, (ii) metals 

2 

with certain high oxidation numbers, (iii) s family e.g. Sn(II), 
Sb(III), T1(I), Pb(II),'and Bi(lII). There are some metal ions 
which show 'b' character in high and low oxidation states and *a' 
character in intermediate oxidation state, e.g., Mn. 

In general, there seems to be an increase in class 'b’ 
character for ions of A-groups in the periodic table (lA'C. IIA<CIIIA) 
and this is also true in the B— groups (Ag Cd <;-In ). However, 

for any one element, the series is quite unpredictable e.g., 
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Cu(I)<.Cu(II), T1(I)> Tl(III), Sn(II)<Sn(IV), Pt(II)> Pt(IV) in 
class 'a’ character^ The class 'a’ or 'b' character seems to 
depend npon the relatire magnitudes of electron affinities of the 
cations, exposure of the relevant orbitals (overlap), interatomic 
distance, charge, and cation polarizability. 

In order to explain class 'a' and 'b' character, Jjj^rgensen'^^ 
pointed out that the electric dipole polarizability is connected partly 
with a few of the continuum orbitals and partly with valance orbitals. 

If the simultar.ecTis formation of cr -bonds in the direction from X(=S) to 
M and the back bonding in the opposite direction is connected, not 
with definite, discrete, empty orbitals of X, but with the continuum, 
it is reasonable to think of M being polarized by X. The population 
of X(=:S) is expected to be more pronounced, the lower the ionization 
energy of X. The reason why the chemical softness of H(-l), R^P, RpS 
and I(-l) might have something to do with empty orbital not present to 
the same degree in HgO or F(-l), is not a question of ?! -back bonding 
to 5d orbitals of R^P, R^S and I(-i), but a question of continuum 
starting at lower energy in these ligands compared to analogous R^iN, 

RpO and F(-l). Recently G. KLopman elaborated his theory for 
heteronuclear molecules^ to a second order perturbation form\ala 
reproducing, with exception of the ihrland, Chatt and Pearson’s 
series of hard and soft central atoms. Al(III) > Lallll)?' Be(II) > 
Mg(ll)> Ca(II)> Fe{III)> Sr(II)> Cr(III)> Ba(II)> Ga(IIT)> Cr(II)> 
Fe(II):>Ii(I);>Nl(II)>Na{I)> Gu(II)>H^>Tl(I)>Cd(II)>Ag(I)> 
Tl(lII)>Au(I)>Hg{II). 
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From his calculations he concluded that soft-soft interaction 
resiD-ts essentially in covalent bonding between an empty and filled 
orbital of comparable energy whereas hard-hard interactions are charge 
controlled and determined by Medalung potential. In this treatment 
he has taken into account the solvation energy which modifies very 
strongly the order of softness and it is quite conceivable that it 
will be highly solvent dependent (acids with high oxidation numbers 
thus become relatively softer in non-polar solvents o^g.. , Te(IV) 
coordinates diarsine (soft-base) in dioxane more strongly than 
Fe(III) and Cr(III)).'^^ 

45 

Drago and Weyland suggested an empirical equation to 
correlate the heat of formation of acid-base complexes such as: 








where E terms represent the susceptibility of the acid or the base to 
undergo electrostatic interaction and C terms represent their ability 
to participate in covsient bonding. 

An 

Ahrland has pointed out that the hard-hard interactions are 
generally endothermic while in the soft-soft interaction heat is 
evolved, which corresponds to the actual covalent bond energy with 
a much smaller entropy change. 

Thus, from the above discussion it appears that most probably 
the hard-hard interaction is mostly ionic, while the sof t - sof t one 
is of covalent type which is variable from one case to another. Further, 
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the role of TC -back bonding in the soft-soft interaction is still 
undecided. 


In the spectrochemical series given below the position of 
sulphur varies with the ligands 


r< Br"< SCN"< Cl"< (EtO)^PSe„*‘u:. (Et0)„PS„~4 FV 

Et^NCSg"<.urea~ 0^ ci H^O/ NCS“< glycine/_Py-NH5< 


end ,So 


2 - 


■NO^ 


2 --"^2 ~ -■ "bipy 4 H -4, CHg 


<CN <00, 

(where Py =■ pyridine j en = ethylenediamine; bipy = 2,2-bipyridyl; 
phen = IjlO-phenanthroline). 

4:T 

As f (ligand) x g (metal ion ] is the difference 

between the cT -antibonding effect on the higher sub-shell (®.,g, in 
octahedral chromophore, MXg, tetrahedi’al chromophore, MX^) and 

theTT -antibonding effects on the lower sub-shell (tg^ or e^ respectively), 
one can rationalize that the ligands containing one lone pair, such as 
H", NHj, SOg'*' fom onlyc?" -bonds and have large values of 41 • ^ 'the 

other hand, ligands with several lone pairs have also IT -bonding 
effects on the partially filled shell of the metal ion and thus 


decrease 4:,; (CgHg)^PS^"<(C^Hj^NGS^"<(CpH..) OCS^ . Ihis effect 


2 2 5'^2 


2 5 ' 


2 * 


has also been observed in S’llphur contedning ligands by J^rgensenj 
dtp“<^ex3n<(dtc~< dmp <.thioglycollate <(dithiomalate <^amines. 


26 


As discussed above, one should expect that metal-sulphur bond 
should have a high percentage of covalency and this is even more 
pronounced if the s^llphu^ is attached to a ’b’ type of metal ion. 
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The nephelattxotic series^^ is a measure of covalent tendency 
in a particular bond formed between the ligands and metals. Thus, 
the sulphur ligand should have high nephelaunetic effect. However, 
the data are not sufficient to ascertain this. The positions of 
some of the sulphur ligands in the above series (in which the ligand 
are arranged in the decreasing order of are shovm below: 

F~> Hg0>RC0g '■> (NH2)2C0>mg> (COO)^^- NlgCHgCH^Mg > 

I\TCS*> 0E~> CN" > SGN"> Br" >(CgH 50 ) 2 PSg"c:S"^r> (C 2 HgO) 2 PSe 2 

It vrill be interesting to note that this series follows 
roughly the order of decreasing electronegativity; F>0>N7Cl'j> 
Br>Sl:I>Se. 

The trans effect depends upon the permanent dipole moment, 
the induced dipole moment, the polarizability, the charge, the size 
of the ligand and the degree of 71' -bonding in a particular bond. The 
dependence of trans effect on the degree of 'j'( -bonding has been 
criticized by William ’ and Venanzi (nonhT -bonding ligands 

activate the trans position by polarization and 5T -covalent bonding). 

P5 51 5p 

This effect should be verj* strong in sulphur ligands' ’ ’ “ due to 

53 54 

large polarizability of su3.phur. A]. though Chatt, et al., ’ have 
suggested a relative order of the strengths of trans effect among 
a number of var 3 .ous ligands., many of the data are based on the 
relative yields obtained under different sets of conditions. But 
in a complete the presence of a strong trans-directing ligand may 
influence the trans directive nature of the other ligands and so the 



22 


position of sulphior ligands compared with other ligands having a 
strong trans-directing influence may vary considerably according 
to the particular system being studied. This makes the situation 
complex and necessitates further study before drawing some conclusions. 

As the present thesis describes the complexing behaviour of 

ligands containing the ^N-G=S and S -C=C-S groups, a brief review 

55—57 

of the earlier work with ligand containing the same groups will 

not be out of place here. Thus, after general considerations of the 

nature of H-S bond described in the preceding paragraphs, a review 

of the available literature on complexing behaviour of ligands 
\ I _ I ! _ 

containing the ^N-C=S and S-C=C-S groups is presented here. 

TH IOUREA AND ITS DERIVATI^/ES 

The donor site in thiourea and its derivatives can either be 
sulphur or nitrogen or both depending on vxhether it acts as mono- 
dentate or bidentate. In general, it acts as monodentate ligand and- 
bonding in complexes^ takes place through sulphur atom, not 
only with class 'b'metal, but class 'a' mstal ions as well. 

However, the infrared spectral measurements Indicate that the ligand 

0Q 

is coordinated through nitrogen in Ti(tu)gCl^. The nature of bonding 

70—72 

in thiourea complexes can either be ionic or covalent depending 

on the metal ions fomning the complexes. The ionic complexes can 
either be 1:4 or 1:6 types. In these ionic con^slexes the polarizable 
thioura molecules act as bridges between separated cations and anions. 
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The main cohesive forces are due to ion dipole interactions. Although 

cations and aniens are contained in channels of thiourea molecules, 

these thici-rea molecules are not bound to one another as they are 

in the thiourea hydrocarbon channel in cliision complexes. ^ The 

7P— V4. 

structures of these conn^lexes have been- determined. 

The stereochemistry of the complexes as determined by the 

73_84 

structure of a number of covalent bonded thiourea complexes is 

74 

either square-planar* or octahedral. Lopez-Castro and Truter examined 

the crystal structures of both high and low-spin Ni(II) conplexes, and 

found that in diamagnetic complexes Ni-S bond distance is 2.1 - 2«3£, 

whereas in the six coordinated complexes it is 2,4 - 2.6i. This 

has also been found in octahedral |Ni(tu)g(NCS)g j complexes. The 

compounds M(tu)g(NCS) 2 , where M = hh, Co, or Cd, are isostructural 

85 

with Ni(tu) 2 (WCS),._,, but the zinc complex Zn(tu)g(NCS)g is not. In 

the [Ni(Py) 2 (tu-)gClO^| , the sulphur atoms of the two thiourea molecules 

86 

probably act as bridges. The structures of mcnothiotirea cadmium 

87 88 

STxLphate dihydrate and bis- thiourea cadmium-nitrate conqjlexes 

have also 'been determined. The complex Gd(tu)gGlg is tetrahedral, 
but Pb(tu)„Gl^ has a polymeric structure in which the lead atom is 
seven coordinated, surrounded by four bridging sulphur atoms at 
distance 2.9 - 3.lS and two chlorine atoms at 3,2S while the non- 
bridging chlorine is at a distance of 2.75S from the central metal 
ion.'^^ The complex jPb(tu)gi(C10^)g® is a distorted octahedral, whereas 
jPb(tu)^1Picrate)g®^ has a polymeric structure in which the lead atom 



is hexa coordinated. The distance from lead to sulphur is in the 
same range as in Pb(tu)gGlg coitplex. In |Te(tu)^ telliarium 

has square planar arrangement. Magnetic, spectrophotometric and 
infrared studies on thiourea complexes of some salt of Co , Zn 

4-2 r -t 

and Gd' with oxyanions, having general formula |M(tu)^X^^| , have been 

investigated. On the basis 'of i.r. studies (150 cm*" - 400 cm"" ) it 

has been possible to distinguish between tetrahedral, square planar 

and octahedral coordinations around the metal ion. The preparation 

and structural studies of cobalt (II) salt- thiourea complexes have been 

93 

reported by Garfagno. 

Thiourea forms complexes of the type^^’®^ Rb(tu)^I, Au(tu)X 

(X = Gl, Br, I, CIO^, BF^ and CF^COO) with rubidium(I) and gold (I) 

96 

respectively whereas ethylene thiourea with tin(IV) and titanium(IV) 
fnrms complexes of the type M(etu) 5 X^ (X = Cl, Br or I). In the 
complex^'^ Rub(tu)^I, the average Rb-S separation is 5.55S and S-S 
separation is 4.152. Comparison of the Rb-S and S-S separation for 
Rb(tu)^I with those of the respecti''^e T1 and Gs complexes indicate 
that the cohesive forces in these conplexes are mainly electrostatic. 
Infrared studies^^'^® on gold(I), titanium(IV) and tin(IV) coniplexes 
indicate that the bonding in Au(l) complexes, is through sulphur 
while in tin(IV) and titanium(IV) complexes, through nitrogen atoms. 
Molecular weight and conductivity studies on nitrogen bonded 
conplexes indicate them to be monomeric molecular addition type. 

The thiourea complexes of rhenium and technetium (in solution) have 
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been described by various worker in three and five oxidation 

states. The infrared spectrum of Re(OH)o(tu) .Cl„ ] has also been 

studied. Fomation of its complexes with rhenium(IV) and 

ruthenium( III) in hydrochloric acid have also been obsei^ed^*^^* 

and stoichiometries of Ru(III) coit^lexes as i Ru(H20) tuCl^j”, 

[Ru(HgO)(tu) gClg j and I Ru(H^O) (tu)gClgl have been confirmed by their 

absorption ^ectra and optical density measurements. The equilibrium 

constants for the formation of chloro(thiourea)rheni'um(IF) complex 

103 

have been calculated by ion exchange method.' 

In MOg(tu)gClg , octahedral coordination with a metal-metal 
104 105 

interaction ’ is..proposed on the basis of magnetic moment data. 

1 

The thiourea-lanthanide acetate complexes have also been studied. 

107 

A recent thermodynamic study shows the formation of four successive 
+1 

complexes with Ag ion. It has also been found that complexes of the 
type MCtu)"^^, |M(tu)J'’'^, j'MCtu)^')'^^, [M(tu)J'^^ and jM(tu)g‘|'’'^ 
where M = Pb or Cd are formed in aqueous dioxane and were studied 

los 

by polarographic method. The substitution reactions of thiourea 

conrolexes, Zn(tu)gClg, Ni(tu)^Clg, Cu(tu)Cl, Cu(tu)gCl, Ag(tu)gN0g 

and Pd(tu)^Glg with anhydrous ammonia give rise to corresponding 
109 110 

amines. Recently the studies on trans -dioximato complexes 
of Co(III) of the type rGotDH)^! seu) (thio)] Cl.HgO; rGo(DH)g(seu) (thio)] 

I Go(DH)g( seu) (thio)] I and [Go(DH)g( seu) (thio)] NO^.HgO having thio-Go-seu 
bond indicate that in the dioximato complexes of cobalt (III), the trans 
influence of selenourea (seu) is much greater than that of the thiourea 
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Raman and i.r. spectra, magnetic anisotropies and powder suscepti- 
bilities of Ni(tu)^Clg have been studied. 


I > N > -DIS'JBSTITUTED THIOUREA 

1 1 ^—.1 PQ 

Ibctensive studies “ have been done on the behaviour of 

+1 +1 

N,N'-di substituted thioureas. Cu and Ag give complexes with 

1,2,3 and 4 molecules of ethylene thiourea. The complexes of Ni(II) 

1X5 1X9 XS5 

occur with tetrahedral, octahedral and tetragonal coordination. * ~ 

It appears that the anion plays a prominent role in determining the 
stereochemistry of Ni(II) in substituted thiourea complexes. Thus, 
Ni(etu)gXg (Z = Cl, Br) are octahedral and have been isolated in 
cis and trans forms, but Ki(etu)^l 2 is six coordinated and also 
diamagnetic whlle|Ni(etu)^j(C10^)g is diamagnetic and square planar. ’ ' “ 
It is possible that Ni(II) may attain a variety of stereochemical 
environments with the same donor atom but such complexes are rare. 

VJith l-(l-naphtyl) -2-thiourea, Wi(II) gives tetrahedral and with 
ethylene thiourea it gives octahedral, diamagnetic planar and diamag- 
netic tetragonal complexes. In acetone solution dissociation of 
octahedral (Nilg)'^^ /tetrahedral (NiL^)'*'^ where L= ethylene thiourea, 

N,N' -diethyl thiourea, N,N'-di-n-butyl thiourea, N,N'-diallyl thiourea, 

N-phenyl thiourea and N,N' -diphenyl thiourea occurs and it was shown 

130 

that this type of dissociation is favoured ah low teirperature , 

129 

Co(ll) is reported to exhibit generally tetrahedral coordination 

124 125 127 

but has a strong tendency to fom penta coordinated adduct. ’ ’ 
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N,,N' -dicyclohexyl thiourea and N,N‘ -diphenyl thiourea form tetrahedral 

j-p 11^ 11R 11Q 

complexes with Co in organic solvents, ^ but ligands undergo 

structural changes in solution affecting coordinating tendencies. 

In solid state, N,N' -dicyclohexyl thio'urea forms the octahedrally 

coordinated complexes CoLgX^, (where X = NO^, CIO^). There are 

+2 

rare complexes of octahedrally coordinated Co containing all 

unidentate sulphiir ligands. Spectrochemical investigations on tetra- 
151 

hedral complexes CoL^Xg and ZnLgXg where L = substituted thiourea 
and X is halogen have shown the presence of intramolecular hydrogen 
bonding interaction between NH groups and the halogen. Presence of 
such hydrogen bonding in dichloro bis(diethylthiourea) Zn(II) has been 


shown by X-ray analysis of the crystal 
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Studies of the Co(II) and Ni(II) coirplexes of N-amidine-S- 
ethyl- thiourea indicate that these are square planar and isostructural^ 
Bis-chelated complexes of Co(II), Ni(ll), Cu(I), Zn(II), Gd(II), Hg(II) 
and Bi(III) with l-allyl-3-(2-pyridyl-l)-2-thiourea^^‘^ and the 

eonplexGs of Cu(I), Hg(II), Pd(II), ?t(Il) and Ph(lII) with N,N'- 

135 136 

bis(2-pyr idyl) thiourea have been studied. Similar studies on 

Co(ll), Xi(ll), Pd(ll), Cd(II), Hg(II), Cu(l}, and Bi(III) complexes 


of l-phenyl-3-(2-p3rridyl) -2-thiourea show that both pyridyl nitrogen, 

and sulphtir in. the ligand act as coordination sites in the complex 

formation. Similarly l-(2-pyridyl)-2-thiourea has also been used as 

12 

a polydentate ligand in the preparation of several metal complexes. 
Crystal structure of Ni(NCS)g f'S=:C{NHEt)gj ^ has been determined in 
which the ligands are octahedrally arranged. NCS ion is bonded to 
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metal through nitrogen (Ni-It=1.9932.) . Thiourea unit is bonded through 

sulphur (Ni-S=2.495i) . There are evidence of the presence of (a net work) 

159 

inter- and intramolecular hydrogen bonds. Crystal structure 

of chloro-tris(N,N-dimethyl thioiirea) copper (I) shows its tetrahedral 

structure. X-ray structural studies on dichloro-bis(diethyl-thiourea)- 

15 ^ 

zinc (II) has also been done. 

1 140 

Carlin and Holt, by their studies on ethylene thiourea and 
N,N’-disubstituted thiourea complexes of Co(II) indicated a higher 
position of ethylene thiourea, in spectrochemical series than R^S. 

The value of E is found to be 66^ of the free ion value. In nephe- 
lauxetic series, the position of thioxirea is approximately equal to 
that of iodide ion.^^® 

74 117 

Trimethylene thiourea has been stiidied by various workers 

and the crystal structure of Ni(II) complex has been investigated by 
141 

Luth and Truter. 

142 

Recently new thiourea derivatives 3-diphenylphosphino- 
thioyl-l-phenyl thiourea, 3-diphenylphosphlnothioyl-l, 1-die thy 1- 
thiourea and 3-diphenylphosphinothioyl-l, 1-dime thyltliiourea were 
found to behave as bidentate ligands with Ni(II), Pd(II), Co(II) and 
Cu(II). These ligands are found to be sulphur donor. 

l-(2-pyridyl)-2-thlourea^*^'^ is a bidentate ligand. The Ni{II), 

Co (II), chloride, bromide, and perchlorate complexes of this are 
reported. The infrared, the visible, (solid and solution) and the 
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■u.v* spectral, the magnetic and conductance data indicate the nickel 
complexes in three configurations, tetrahedral, planar and octahedral. 

4-9 xp _Lp 4,0 4.9 

iLqullibria Mil^ '' NlLg + L and 3HiLg ~ 2NiLg + Ni are 

found in solutions. The position of the ligand in the spectrochemical 
and nephelauxetic series is confused one. 

Infrared and electronic spectral studies^"^^ on the complexes 
of the type MX^.2L(M = Sn(IV) and Tl(IV), X = Cl, Br, I and L = 

N-allyl -thiourea) indicate that the coordination takes place through 
nitrogen. This type of coordination were also found in ethylene 
thiourea Ti(IV) and Sn(IV) halide complexes. Polarographic studies^^^ 
on the complex formation by cadmium ion with a3.1yl thiourea in aqueous 
and water-ethanol medium indicate the ease of formation by 
increase of concentration of non-aqueous solvent in the solution. 

The formation of ruthenium(III) complexes with phenyl- 
thiourea, diphenyl thiourea, di(o-tolyl) thiourea, and di-(p-tolyl)- 
thiourea (blue complexes) and hydroxjrmethyl thiourea (blue-violet) 
have been investigated by absorption spectra and optical density 
measurements in aqueous alcoholic medium (40 vol.^). 

146 

Recently nuclear magnetic resonance studies on tetrahedral 
Co (II) complexes have been done. The origin of the large isotropic 
shifts have been discussed in detail. 

THI05EMICARMZIDE 

Thio semi car bazide can act as a neutral or a charged species. 

The inner coit^ilexes of Ni(II), Pd(II) and Pt(II) were prepared and 
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1.4*7 I 4 .R 

isolated in the cis and trans forms. * In the trans square-- 
planar complex, Ni(CH^NgS)g, there is a complete localization of the 
double bond between carbon and nitrogen, indicating predominance of 
the thiol form. The other isomer is diamagnetic but the structure 
determination is not possiblef^*^’^^^ While the green compound 
Ni(HTSC)gS0^.3Hg0 is found to have square planar trans- configuration 

14Q 

with coordination occurring through S-atom and teimdnal nitrogen. 

i cp 

Similarly, the cis and the trans forms of Go (III) conplexes have been 

isolated. Cobalt(III) conplexes of thiosemicarbazide derivatives 
153 

(R thiosh) , where R = CgHg or CHjGgH^ with the composition 

iCo(DH){R thiosh)g]Glg, [CoGlg(DH)(R thiosh)] and [ Go(R thiosh)glGlg 

have been studied. Potentiometric titration indicates that complex 
r ^ is a - 

iGo(DH) (R thiosh) Cl_/diabasic acid whereas I Co (R thiosh),, !G1„ is a 

tribasic acid (DH = dimethylglyoxime) . The series of copper complexes, 

Cu(thioisosemicarbazid6)Xg (X = Cl, Br, 2^0^) Cu (thiosemicarbazide )gXg 

(X = Cl, Br, NOg, CIO^, 2®0^) have been prepared.^'^^’^^^ The former 

series has been shown to have polymeric square-planar structure while 

the latter series has distorted octahedral structure. Nickel forms 

square-planar coirplexes of the type Ni(CN)^( thiosemicarbazide ),,.H^0-. 

156 

Pt(II) , Pd(ll) and Ni(II) form square planar complexes. Both cis 

"trans geometric isomers have been obtained with the general 
5,157 

formula, rM(HTSC)g] while only trans form was obtained for the 

neutral species M(TSC) 55 ;. Infrared and the reflectance spectral 

studies were made, but X-ray structure determinations have been carried 
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out on Ni(di thiosemicarbazide-sulphate) trihydrate, ^ -nickel- 
dithiosemicaxhazide-sulphate and t ris-thio semi carbazide -nickel 
dinitrated 

Tetrahedral complexes of Pt(I'V) with 1-phenyl thiosemicar- 

^0 3 

bazide have also been prepared. The complexes of most of the 

class 'b' ions with a few derivatives of semicar bazide (derivatives 

1 P\A. 1 F ^ 

with Schiff's bases), ’ and salicyldehyde thiosemicar bazide 

166 

(octahedral) derivatives have been prepared. 

186 

Recently a series of new ligands have been prepared by 
reacting aliphatic and aromatic aldehydes with ethylene thiosemicar- 
bazide. These compounds fom 1:1 complexes with Cu(II). These are 
paramagnetic and a structure has been proposed involving bonding 
between two thiocarbonyl sulphurs of the ligands. 

167 

The stability constants and the heats of formation of 
conplexes with dipositive alkaline earths, Zin(II), Co(II), and !'4n(II) 
have been determined. Nuclear T -resonance studies on the high 
spin iron (II) complexes of thiosemicarbazide (HthSC) of the tj^e 
FeXg(HthSC)g. nH^O indicate these complexes are octahedral and 
commented that among all the iron compounds known at preseni^ 
the complex FeS0^(HthSC)g?l/2Hg0 has the greatest quadrupole 
splitting. 

1. 2-DITKIOLENa COMPILES 

Complexes of the 1, 2-di thiol ene ligand systems, which are 
illustrated .as below, have been studied extensively in the last 



S2 


X 



Q = H-, CHg, CN, CgHg X = X = Z = H, CHg, F, Cl 

X = Y = H, Z = CHg 

X = H, Y = Z = CH„ 
o 

decade.^^ 57,169 174 001153 rehensive studies of the bis-complexes 

175—182 

are described in a number of recent reviews and references therin. 

The first report of a six-ooordinate tris complex containing the 
1,2-dithiolene ligand systems was made by King, who obtained 
Mo(SgCg(CFg)g)^ and its W analog from the reaction of the corres- 
ponding hexacarbonyl with the heterocyclic conpb-und bis(trifluoro- 

184—186 

methyl )dithietene. Subsequent studies of the tris complexes 

were considerably influenced by structural work which disclosed a 

number of the tris complexes to possess the unexpected and the highly 

187—189 

unusual trigonal prismatic coordination. ” 

The avid interest in the 1 , 2 -dithiolene complexes probably 
stems from the following factors, (a) Both the bis and the tris- 
complexes undergo easily reversible oxidation-reduction reactions. 

(b) The 1,2-dithiolene ligand systems appear to stabilize the square- 
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planar geometry for a wide variety of metal ions, (c) Many of the 

trigonal 

six-coordinate tri s- complexe s possess the highly imusualj/prismatic 
coordination, (d) The electron-withdrawing nature or Ti' -acidity of the 
ligands in the bis and tris con^Jlexes can be varied by employing 
ligands with different substituent groups. 


With "pure" dithiolene coii5)lexes in which no other coordina- 
ting ligands are present, the following four definite structure types 

VlQTTCi Vv/aoio CJ£i*V»TTO/^ 



(Dgj^--Syininetr7) (D2-S3mmietiy) 

The bonding in these coiupcunds can be explained within the 
concepts of the siiiple M.O* and valence-bond theories, provided that 
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the Tf -delocalized nature of the ligands and the high covalency of the 
coH 5 )lexes are adequately taken into account. 

There have been over twenty complete structure 
determinations on conplexes containing 1,2-dithiolene ligands, including 
a large number in which the metal is coordinated solely by the dithiolene 
ligand systems. 

The following paragraphs presents a brief review of the 
complexing behaviour of these ligands in the last two years (1970-72), 
since before this period, excellent reviews have appeared in various 

The complexes of indium(lll) with toluene-5, 4-dithiolate( A) 

and l,2-dlcyanoethylene-l,2-dithiolate(A) (InA^) , (InA^) have been 

214 215 216 

described. X-ray stmictural investigation showed that the 

anion with A = l,2-dicyano6thylene-l,2-dithiolate, involves six- 

coordinated indium. These compounds form an interesting grot5)S of 

foTAT-five and six-coordinate indium coaplexes, which undergo polaro- 

graphic reduction in non-aqueous solution corresponding formally to 

the one-electron reduction step In^^^ In^'^ In^ — 

217 

Further studies on indium coijplexes by D.G. Tuck et al., revealed 
that indium(I) halides react with l,2-bis(trifluoromethyl)dithitene(L) 
to yield the complexes InLX (X = Cl, Br or I) which they believed to 
be polymeric indium(III) dithiolato complexes, iteaction of these 
complexes with dimethyl sulphoxide (dmso) gave l InL(dmso)^iX. T/Iith 
2,2-bipyridyl (= bipy) or 1,10-phenanthroline, the product was anionic 
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dimer of the type [ InL(bipy)pj!_ InLg(bipy)] . Spectroscopic and 

polanographic evidences were presented to support the formtilation 

of all these complexes. Toluene-3, 4-dithiol (A) also forms 
218 

complexes with tin, arsenic, antimony and bismuth of the types 

-? 

(^g) (M = As, Sb or Bi) and (Mg) (M = Sb or Sn) . Molar conduc- 
tance studies showed their electrolytic behaviour to be either 1:1 or 

pin 

2:1 type. Magnetic susceptibility measurement at higher tempera- 
ture in solid and solution (3.14 B.M.) indicate that tetrabutyl- 

ammonium bis( toluene-3, 4-dithiolato) cobalt exhibit a triplet groimd 

220 

state, but behaviour of magnetic susceptibility at lower tempera- 
ture (8°K) indicate the singlet ground state. 

Disodium dicyanoethylene-l,2-dithiolate (Nagimt) forms 
221 

coirplexes with group IVB halides and acetates having stoichio- 
metries M(mnt)g"^' (M= Sn(IV) or Ge(IV)), (Sn(mnt)gXg)"^ (X = Gl, 

Br or I), (Pb(Mt^“^ and (Pb(mnt)Br)”. X-ray powder pattern indicate 
that [ (Ph^As)pGe(mnt)g j, and L (fh^-^s)pSn(mnt)g j are isomorphous, and 
have octahedral configniration, lead(II) complex (Bu^^N)pPb(mnt)gj , 

is square-pyramidal and three cooi-dinated lead(II) complexe e.g., 

r n 1 

i,(Bu, N)Pb(mnt)Brj is tetrahedral. Spectral studies reveals s that 
the 'Tf -donor ability of sulphur atoms is greater in the tris(mnt)- 
germanium than in tris(mnt)tin complexes. 

Dimercaptomaleonitrile dlanion(mnt) with unipositive cations 
Na"*", K^, Rb"^, Cs”'’, Tl’*' forms the coirplexes of the types Na^ (mnt) .2HgO, 
NagCmn-t^.lHgO, Nag(mnt), K2(mnt).H20, Kg(mnt).|HgO, Kg(mnt), Rbg(mnt).lIgO, 
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Rb^(mnt), Csg(nmt), CSg(mnt) .H^O, Ma^T3^innt)2.|HgO, Na^T:^(innt)g, 

Tlg(innt). These complexes have been investigated^^^’^^^ using 

thermooptic, T.G, ,D.T.A. ,i.r. and single crystal X-ray and powder 

diffraction techniques. A tentative assignments of the normal 

vibration of the dimercaptomaleonitrile and cyanodithiof ormate systems 
223 222 

are given. X-ray studies indicate that Nag(rant) .2HgO, Na2(iimt)HgO, 
Nag(mnt), K^Crant), Rbg(mnt)HgO and Gsg(mnt)HgO, are rhombic, Rbg(mnt) , 
CSg(mnt), monoclinic whereas Tlg(innt), hexagonal. Uranyl chelates, 
of the ligand (mnt) having the stoichiometries^^'^’^'^‘^ AgUog(mnt)jjj , 
where A = ^(CgHg)^ or NCn-CgH^)^, (NEt4)2[Uo2(mnt)20Py] , 
(NPr^)2[UOg(mnt)20Py], (NEt^)g[Uo2(innt)gOP(CgHg)3l, 

(nPr^) g [Uog (mnt ) gOP ( CgH^ ) g] , ( NEt^) ^ [UOj, (mnt ) gOAs( CgH^ ) ^ ]and 
(NPr^)g[^UOg(innt)20As(CgHg)2^ have been prepared and studied by 
usual techniques. 

226 

Transition metal dithiolene complexes of the type 
[M(L)(S-S)g]"(M= Fe or Co; (S-S) = SgC2(CN)2, 

L= 0-CgH^(AsMe2)g, PhgAsCHgCH^-AsMeg , cis-PhgPCH:GHPPhg, MegPhP, or 
MegPhAs),[ M(L)(S-S)g'|° (M = Fe, or Co; (S-S) = SgCpPh^; L = 
PhgAsCRgCHgAsPhg or Me^PhAs, [Fe(Ph2As.CHg.CHg.AsPhg)jS2G2(p-MeCgH^)g\ ]° , 

[Nx{o-CgH^(AsMeg)gl^ SgCg(CN)2jg] 

(M = Fe or Co) have also been prepared and studied. It has been shown 
that the species |"M(L)( S-S) gj“, where L= o-CgH^(AsMe2)2, 
PhgAsCHg.CHg.AsPhg and cis-PhgP.CH:GH.PPhg, are six-coordinated, 
whereas the species M(L) (S-S) where L = PhgAs.CHg.CHg.AsPhg are 
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five coordinated. In similar studies"' with iron and cobalt 
complexes, J.A. McsCleverty et al. have given the possibility that 
the species ('M(PhgPCH 2 CH 2 PPh 2 )(S 2 CgRj,) 2 ^^ (M = Fe or Co) might be 
six coordinate. The diphosphine behaved as bidentate in these 
complexes when Z = -1 and R = CN or CF^, and as monodentate when 
Z = 0 and R = aryl group. 

Bridged binuclear bis-dithiolene coaplexes of iron and cobalt 

228 228 
have also appeared in literature. G.E. Eaton and coworkers 

prepared the complexes [(R^C^S^) M-(L-L)-M(S^C^R^)l^ with Z= 2~, 

R= CN, CFj and Z = 0, R= CF^ , (L-L) = l,4-bis(diphenylpho^hino)- 

ben zene , bi s ( diphenylpho sphino ) acetylene, or trans- 1. 2-bi s ( diphenyl- 
phosphino) ethylene and studied their magnetic moment, electronic 
spectra, e.p.r. and polarograph. Magnetic moment of these conplexes 
indicate them to be five coordinate ^ecies and polarographic measure- 
ments reveal a three member electron transfer series (Z = 2 , l”, O), 
(L-L) being a bidentate bridging ligand. 

Mdssbauer spectra of tetrabutylaiumonium salt of bis(maleo- 
nitriledithiolato)iron(III) , tris-tetraphenylphosphonium. tris(l,2- 
dicyanoethylene-l,2-dithiolene)iron(III) and electron paramagnetic 

resonance spectra of a number of ferric complexes have been 

, . , , 229-231 

investigated. 

Kinetic investigations on the reactions of iron(III) and 

252 

iron(IV) dithiolato complexes with organic bases indicate that 
the five coordinated complexes and their six-coordinate analogues 
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with bidentate bases are labile. Equilibritmi constant and rate of 

the reaction have also been meas\3red. 'The substitution reactions 

235 

of cobalt dithiolene system indicate a transformation of six 
coordinate adduct to a five-coordinate adduct. 


Single crystal X-ray studies reveals that palladium and 
platinum bis(ethylene-l,2-dithiolene) complexes contain metal-metal 
bonds in their structures and the molecioleir structure of 
(M = Pd, Pt) complexes, consists of two essentially planar, 

■units joined by a direct metal-metal bond. 

218 

Recently it is found that metal -dithiolene complexes and 
related confounds react analogously to substitute ethylene system with 
regard to the redox behavio-ur (one-electron transition formation of 


radical anion) . Behaviour and application of various t 3 rpes of 

235 

dithiolene and metal -dithiolene are also .discussed. 


Voltammetric studies show that the complex^^^ [ Ee|^SgCg(CN)p| g( ^ 


should have the formula 


[RajSgCgCCM)^} J 


Zi 2-14 


Copper (II) complexes of dithiooxalate have been prepared. 


The i.r., magnetic moment and voltammetry ha've been studied. By 
analogy to other ccmplexes, the coirplex ( Cu(L)g'\ has a planar structure 

259 

It has been observed' that tripheny Iphosphine -oxide, tri- 


phenylarsine oxide, pyridine N-oxide and halide ions convert the 
dimers j^Fe^SgCgEgl” (R = CN, CF^) into monomers and give adducts of 
the type (base) (FeS^C^R^)*". The i.r,, magnetic moments and electronic 
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spectra of these adducts have been studied. 

Mixed dithiolene and carbonyl conplexes have also been 
prepared. C.J. Jones and coworkers^"^^ prepared (CFj)^C^S^Fe(CO)g 
and suggested a dimeric, sulphur bridged structure for the complex 

241 

on the basis of solution molecule^ weight. J. Miller and A.L. Balch 
have shown that this' cojiplex should 'have the formula (GF 2 )gCgSgFe(G 0 )g. 

The latter formulation is supported by mass and i.r. spectral data. 
Bis(perfluoromethyl)dithietene reacts with triruthenium dodecacarbonyl 
at 100°G, to give an orange carbonyl containing complex (CFg)pCgSgRug(CO)g 
(a polymer) and at higher temperature (170°C) a green carbonyl free conplex. 
Reaction of the orange material with group V bases yield species of 
the type (CFg)gGpSgRu(CO)^(ERg)g With triphenylphosphine, t\jo 
different solid complexes (orange and violet) having the composition 
|(CFg)gCgSgRu(GO)-^P(CgHg) have been obtained. These two ^ecies 
are structural isomer. X-ray studies on violet form predict to have 
the square -pyrimidal configuration. The green coloured complex reacts 
with group V bases to yield (base) f RuS^C^(CFg)^J and (base)g|_RuS^G^(CFg)^| 
(base) = (CgH^)gP, (GgHg)gAG and (CgHg) 2 Sb. The monoadducts are square 
pyramid whereas bisadducts are probably pseudo-octahedral. 

1,1- and 1,2-Dithiolato ligand systems have also been examined. 
Nickel bis-conplexes with two different 1,2-dithiolato ligands were 
reported^^^ and the exchange reactions of these and irelated 1,2— dithiolene 
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* ?4? ?4S 

were studied with voltammetric techniques. ’ 

Tris complexes with mixed 1,1- and 1,2-dithiolene ligands 

244 245 

were also prepared and investigated recently. * 

Recently R.H. Holm and coworkers^^^*^'^^ reported the synthesis 

and stereochemical investigations of unusual complexes viz., bis{H,N- 

disubstituted dithiocarbamato)-l,2-bis(perfluoro(methyldithiolene)iron 

dtc)gtfd and they have shown that compounds with 

Mej Et, Et; Me,Ph; (CHg)g display following three properties 

in the same molecular species (i) magnetic behaviour consistent with 

a single t-triplet spin equilibrium in the solid and solution phase; 

(ii) redox properties indicative of a three-membered electron transfer 

series; (iii) stereochemical non-rigidity of a ligand structural 

portion (restricted rotation about S^C-N bond) and of the overall 

molecular configuration itself (Inversion). The X-ray results have 
247 

shown that Re-Sg coordination unit assumes a stereochemistry 
intermediate between idealized octahedral and trigonal prismatic 
geometry. 

248 

The magnetic moment, kinetic and NMR studies have -been 
performed on several complexes of bls(N,N—di substituted dithiocarbomato)— 
(maleonitriledithiolene)iron coii5)lexes (Fe(R^Rgdtc)gmnt) , (R^^^ == R'tj 
Et or Me, Ph) . 

Voltammetric studies^^® in dichloromethane indicated that the 
mixed complexes of 1,1/1,2-dithiolene MiSgCp(CN)g | j'SgCNRg'j 




with 
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Z — — Ij M — Ni, Cu, Pd, Pt and with Z = 0, M = Ni, Gu, Au, 
M[SgCg(CN)g][SgGNCNj‘^ M= Ni, Pd and Ni [SgCg(CN)gl | SgCOCgH^]” 
cotild be oxidized in a one electron step. 
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CHAPTER II 

CHELATING BEHAVIOUR OF 2,4-DITHIOUaACIL-I* 

(Co(ll), Ni(ll), Cu(II), Cd(II), 
Pb(II), Ag(I), T1(I) and Au(III)) 


In this chapter, the preparations, the magnetic and the 
spectroscopic (infrared and visible) studies of 2,4-dithiouracil 
complexes with cobalt (II), nlckel(II), coppcr(II), cadmium(II), 
lead(II), silver(I), thalliuin(I) and gold(III) are reported. From 
these studies the structures of the complexes have been proposed, 

EXPERIMENTAL 

All reagents used were of Analar or chemically pure grade. 

(A) Preparation of 2.4-Dithiouracil 

2,4-Dithiouracil, C^H^N^Sg (hereafter referred to as TU), was 

1 

prepared by the method given in the literature. The ligand was 
re crystallized from boiling water before use. The compound 
analysed corresponds correctly to •^4.^4^2^2* 

^ Indian Joiirnal of Ghemistiy, 652-656 (1972) . 
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( B) Preparation of Me tal-Complexe s 

(a) Nona- ( 2 . 4-dithiouracil ) diaguotetracobalte te ('ll )- . - One hundred ml 

of a solution containing: about 6 mmole S’ of the ligand (TU) in hot 
n-butanol was mixed slowly with 100 ral solution of Co(N0g)g.6Hg0 contain- 
ing/^?, mmole in hot n-butanol. Bie mixture was digested for about 
four hours on the water bath. A precipitate appeared which was 
filtered out, washed successively with hot n-butanol, water and 
ethanol to remove all the unreacted Co ion and the ligand. It was 
dried in an air oven at 120^ for about eight hours, yielding a brovm 
coloTired complex. 

Anal . Calcd.for Co^(TU)g(H 50 )g: G, 27.6; H, 2.0; W, 16.0; 

S, 36.7; Co, 15.0. Pound; C, 27.8; H, 1.9; N, 15.8; S, 57.1; Co, 14-5. 

(b) Mono (2. 4-dithiouracil') dipyridlne nlcke'’. (II) .- To a solution of 
0,4 g (.'^-^1.5 mmole) of NiClg.6Hg0 in 50 ml water, a few ml of pyridine 
was added in order to get a deep-blue solution o.f nickel-pyridine 
complex. To this, a solution of 0.3 g (r^2 mmole) of the ligand in 

50 ml of ethanol was added slowly whereupon a greenish blue precipitate 
appeared. It was digested for half an hour on a water bath. The 
precipitate of the complex was centrifuged and washed successively with 
water and ethanol. It was dried in a vacuum desiccator at room teugDe- 
rature for a few days, yielding a greenish blue coloured complex.- 

Anal . Calcd.for Ni(TU)Pyg: C, 46.6; H, 3.6; N, 15.5; S, 17.8; 
Ni, 16.4. Found: G, 46.8; H, 3.6; N, 15.3; S, 17.5; Ni, 16.1. 
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(°) Big (S.4~dlthioTjracil) copper (II ) 0.6 g sai^ple of the ligand 
('■'-'4 mmole) and 0.8 g of CuClg.SHgO (''■^4 mmole) were dissolved 
separately in 100 ml and 50 ml re injectively of ethanol-. The two 
solutions were mixed which resulted in a reddish precipitate. On diges- 
ting ' over- a xjater bath for about twelve hours, the red coloured 
precipitate changed to yellow. The precipitated conplex was filtered 
out, -washed successively with hot water and ethanol. It was dried 
overnight in an air oven at 120 °C, yielding a yellow complex. 

Anal . Calcd.for CuCTU)^: C, 27.5; H, 1.7; N, 16.0; S, 56.6; 

Cu, 18.1. Found: C, 26.9; H, 1.5; N, 16.4; S, 36,4; Cu, 18.2. 

Bis(2.4-dithiouracil)tetraaquo nickel(II) .- 0.5 g sample of the 

ligand ('~3.4 mmole) and 0,5 g of Ni(NOg)g.6H20 ('~'1.7 mmole) were 
dissolved in 60 ml and 100 ml respectively of boiling acetone. The 
two solutions were mixed and digested for about forty five minutes on 
a water bath. The precipitate of the yellow complex was filtered out 
and washed successively with hot water and acetone. It was dried in 
an air oven at 120*^0 for a few hours, yielding a yellow coloured 
complex . 

Anal . Calcd.for Ni(TU)g(Hg,0)^: C, 25.0; H, 2^4; N, 13.4; 

S, 30.7; Ni, 14.2.' Found: C, 23.6; H, 1.75; N, 13.9; S,^ 30.3; 

Kfi, 14.2. 

(e) Mono ( 2 .4-dithlouracil ) cadmi-umdl) . - 0*4 g sample of the ligand 

(■^2.7 mmole) was dissolved in 50 ml of boiling acetone. Another 
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solution of Cd(N'02)g.4Hg0 was prepared by dissolving 0*9 g of the 
cadmium nitrate ('-^S.8 mmole) in 25 ml of acetone at room temperature. 
The two solutions were ’mixed whereby a cream coloured precipitate 
appeared. It was digested on a water batli for about three hours. The 
precipitated complex was filtered out and washed several times with 
hot acetone. It was dried in an air oven at 120 °C for a few hours, 
yielding a cream-coloured conplex. 

Anal . Calcd. for Cd<TU); G, 18.7; H, 1.17; N, 10.9; 

S, 25.0; Cd, 43.8. Found: C, 18.5; H, 1.36; N, 10.9; S, 24.3; 

Cd, 43.9. 

(f) Mono ( 2 . 4-dithiouracil ) lead ( II ) . - Two solutions of the ligand and 
lead acetate were prepared by dissolving a 0.3 g sanple of the ligand 
('■'^2 mmole) in 50 ml of ethanol and 0.8 g of (GH^COO)gPb.5HgO 
(''•-'2.1 mmole) in 80 ml of methanol respectively. These were mixed 
resulting in a light yellow coloured precipitate. It was kept over- 
night at room temperature and centrifuged. The precipitate was washed 
successively with hot methanol, ethanol and finally with ether. It 
was dried in a vacuum desiccator at room temperature for a few days, 
yielding a light yellow coloured complex. 

Calcd. for Pb(TU): C, 13.6; H, 0.66; N, 7.1; S, 18.2; 
Pb, 60.4. Found: C, 15.7; H, 0.57; N, 7.2; S, 18.2; Pb, 59.9. 

(g) Mono (2. 4-dithiouracil) disilver (I) .- 0.3 g sample of the ligand 

(TU) (r-'Z mmole) and 0.7 g of AgNO^ (0^4.1 mmole) were dissolved 
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respectively in 50 ml ethanol and 50 ml of distilled water. The two 
solutions were mixed whereupon a yellow precipitate appeared. It was 
digested for about half an hour on a water bath. The precipitated 
coirplex was filtered out and washed successively with hot distilled 
water and ethanol. It was dried in an air oven at 1?0‘^C for a few 
hours, yielding a yelloxj complex. 

Anal i Calcd. forAgg(TU); C, 15.3; H, 1.11; N, 7.S.; 

S, 17.8; Ag, 60.0. Found: C, 15.1; H, 0.8; N, 7.6; S, 17.5; Ag, 59i2. 

(h) Tris(2.4-dithiouracil)digold(III) 0.4 g sample of the ligand 
2.7 mmole) was dissolved in 70 ml of ethanol and 0.6 g ('^l.g mmole) 

of AuClg, in 50 % ethanol. The two solutions v;ere mixed, whereupon a 
buff coloured precipitate appeared. On digesting over a water bath 
for about forty five minutes, the colour of the precipitate changed to 
yellow. The precipitate of the complex was filtered out and washed 
successively with hot distilled water and ethanol. It was dried in 
an air oven at 120 °C, yielding a yellow complex. 

Anal . Calcd, for Au 2 (TU) 2 ; C, 17.4; H, 1.45; N, 10.2; 

S, 23.2; Au, 47.7. Found: C, 17.6, H, 1.85; N, 9.9; S, 25.5; Au, 47.9. 

(i) Mono ( 2 , 4-di thiour acil ) diaguo thallium ( I ) . - 0.5 g sample of the 

ligand ('‘-■2 mmole) was dissolved in 50 ml of ethanol and 0.5 g of 

T1N0„ (--^1.8 mmole) in boiling water. On mixing the two solutions, 
o 

a yellow precipitate appeared. It was digested for about half an hour 
on a water bath. The precipitated complex was separated by filtration 



and washed successively with boiling water and ethanol. It was 
dried in an air oven at 120 °C overnight, yielding a bright yellow 
coloured complex. 

Anal . Calcd. for Tl(TU) {HgO)^: . C, 12, 6j H, 1.57; N, 7.1; 

S, 16.7; Tl, 53.4. Found: C, 12.7; H, 1.76; M, 7.4; S, 16.0; Tl, 54.0. 

Analyses 

The analyses of the metal ions and sulphxir were carried out 
2 5 

by the standard methods. * Carbon, hydrogen, and nitrogen analyses 
were performed by the Microanalytical Section of the Indian Institute 
of Technology, Kanpur, India. The analytical results are given in 
the text. 

Infrared Spectra .^ Infrared spectra of the ligand and the metal 

coii 5 )lexes were recorded with a Perkin-Elmer 521 Diffraction grating 

-1 

Infrared Spectrophotometer in the 4000--250 cm range. Samples were 
prepared as potassium bromide pellets. The major bands of the infrared 
spectra of the ligand and the complexes are given in Table I, 

Magnetic Suscentibillty Measurements .- The magnetic susceptibilities 
of the complexes were determined with the help of a Gouy-balance at 
room temperature ( 27 ° 0 ). Mercury tetrathiocyanatocobaltate(II) was 
used as a magnetic susceptibility standard and the diamagnetic 

4 

corrections were estimated by a method outlined by Figgis and Lewis. 

The results are given in Table II. 



61 


OT and V:}.sible Spectra .- The absorption spectra of the ligand and 
the complexes were recorded on a Cary-14 recording Spectrophotometer 
in nujol mull between 300 and 1500 mya . The resiilts are given in Table II. 

RESULTS AND DISCUSSION 

The analytical data suggest that the ligand is acting as mono-, 

bi-, tri-, or tetradentate in the formation of the complexes. Comparing 

the stoichiometries with the known preferences of all the metal ions 

of 

for a coordination number^four or six, it would appear rather certain 
that in cadmium, lead and nickel-pyridine complexes, the ligand acts as 
tetradentate, in copper complex as tridentate, in cobalt and thallium 
complexes as bidentate, and in silver and nickel-aquo conplexes as 
mohodentate . In cases where the ligand is tetradentate, coordination 
of the metal ion is assumed to be through all the nitrogen and thio- 
carbonyl sulphur atoms. As a tridentate, the ligand is assumed to 
coordinate through two thioearbonyl sulphur atoms and one of the 
nitrogen atoms. When the ligand is behaving as bidentate, the metal 
ion can form either a simple salt (I) by linking with one of the 
nitrogen atoms or an inner complex (II ) or a polymer (ITT) by forming 
bonds with nitrogen and sulphur atoms. (It is possible that the ligand 
in solution can exist as thiol due to thiol-thione tautomeriKo. in which 

qase^ the complexes should be formed by replacing the protons of the 

. ' ^ 5 

thiol group Vibh the metal ion. However, the thione form of the ligand 

has been u^d here, whereby a= coordinate bond is formed by donating a 
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lone pair of electrons of the thiocarbonyl sulphur to the metal atom) 

In the structures I, II and III, the coordination utilizing 2 , 3 -positions 
have been shown. However, coordination utilizing 1,2- or 3,4- .. 
positions may also take place. ^ 




M N' 


Srrr C 


(III) 

The infrared spectra of the complexes were studied in some 
detail and compared to that of the lig«.d epsotjdm. It might give 
some information about the surroundings around metal ions. The 
positions of main infrared bands of the complexes md those of the 
ligand are given in Table I. Since the thioamlde groups mere 
believed to be involved in coordination uith the metal ions, the 
major shifts are expected in the positions of the bands su-lsing, 
owing to the stretching of the bonds and the bending of the angles 
of the two H-N-O-S groups of the ligand. Such major ^ifts along with 

the discussion are summarized below; 



—1 

(a) The band in the spectrum of the ligand around 3000 cm is 

a very broad one, which is much less broad in the spectra of the 

6 

complexes. This broadening may be attributed to the associated 

N-H groups of the ligand. However, four intense and more or less 

-1 

sharp bands are present in the spectrum of the ligand at 3220 cm , 

-1 -1 -1 7 

3165 cm , 3070 cm and 2880 cm . These bands are assigned to the 

coupled vibrational normal modes arising due to V (G-H) and ']} (N-H). 

These fundamental bands disappear and the new medium intense, not 

_1 -1 

very sharp bands appear at 2920 cm and 3060 cm in spectra of the 

. -1 

silver, cadmium, nickel -pyridine and lead complexes, at 2920 cm , 

-1 -1 

5060 cm and 3140 cm in the spectra of other complexes. The bands 
-1 -1 

around 2920 cm , 3060 cm in the lead and silver complexes are 

assigned to (C-H) and •y^(C-H) of HC=CH part of the ligand. The 

-1 

new third band around 3140 cm in other cases may be explained on the 
assumption that in the complexes only one of the N-H group is deproto- 
nated with the formation of nitrogen to metal bond and thereby one 
single band due toV (N-H) appears in their spectra. However, it is 
qiiite possible that this band may not be a pure one but may arise due 
to the normal coordinate having some contribution fromL’ (C-H) . 

Similarly the bands around 2920 cm and 3060 cm may have some 

-1 

contribhtion fromV (N-H). The band around 3140 cm is not as broad 
as that in the pure ligand. This may be due to the lesser intramole- 
cular interaction in the complexes as compared to that in the ligand. 

(b) In the ligand the two H-N-C-S groups are adjacent to each 
other , and it would be rather certain that the four characteristic 
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B 9 

thioamide bands ’ will be either broad or ^lit ones due to the strong 

interaction between their vibrational modes. Also px^ing to the close 

proximity of (C=C) and (C-H) groups, the thioamide bands may be coupled 

withX^ (0=C) and S (C-H). The frequencies corresponding to these bands 

are given in Table I. (It will be interesting to point out that the 

previous workers'^ have assigned bands around 1100 cm” to 1^0=3) in 

the spectra of the ligand which appears to be rather high fory(C=S) 

11 12 

in such a highly delocalized system. ’ The frequencies arising due 

to normal coordinates having contributions fromV(C=S) are givon in 
Table I. It is obvious from the data that all the thioamide bands are 
shifted in the spectra of the complexes Indicating a different inter- 
action of the two thioamide groups in the complexes from the interaction 
in the 

of those^llgand. Assuming the deprotonation of one or both of the N-H 

groups and the coordination of the metal ion with nitrogen and sulphur 

as mentioned in the foregoing paragraphs, the assignments of the shifted 

bands are given in Table I. It appears that the thioamide band IV at 

780 cm” and 795 cm” in the ligand having major contribution froml)(C=S) 

are shifted to higher frequency ('''- 820 cm ) in the complexes. There is 

—1 

another very weak band at 600 cm which may also be assigned to the normal 

coordinate having major contribution from coordinated 7^)(G=S). It is 

also suggested that the band around 820 cm“^ contains major contribution 

of the uncoordinated 'JJ (0=S) mode. 

-1 —1 -1 —1 
(c) The bands at 400 cm ,445 cm , 465 cm , and 985 cm 

5 

are assigned to the skeletal vibration of the pyrimidine ring. In 
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the complexes the positions of these bands are only a little 
shifted (c-^lO cm"^) . 

(d) In the spectrum of the nickel conplex containing 
pyridine, most of the pyridine bands shift after complexation indica- 
ting an interaction of pyridine with the metal ion. 

(e) In the region 300 cm - 425 cm” two new but somewhat 
broad and less intense bands appear in the spectra of all the 
complexes. These bands can not be due to either pTjre'y (M-S) or 

(M-N) .modes of vibrations. Both these bands must be having contri- 
butions fromV (M-S) and V (M-N). Besides these must also be having 
some contribution from bending or skeletal modes of vibration of the 
pyrimidine ring. Therefore, these bands are assigned^^’^'^ to the 
normal modes having major contribution from].^(M-N) and V (M-S). 

(f) The absence of weak band in the region of 2600 cm” in 
the spectrum of the ligand and those of the con^jlexes, suggest that 
the ligand in the complexes are present in the thione form and not 
in the thiol form. 

(g) In the spectra of the cobalt and thallium conplexes, a 
broad band aroimd 5300 cm”^ is found, which is assigned to V (Q-H) of 
coordinated water. 

The preceding discussion of the infrared spectra and 
chemical analyses of the conplexes indicates: (i) that in cadmium 
nickel, and lead complexes, the ligand is acting as tetradentate. 
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in copper complex, as tridentate, in cobalt and thallium coirplexes, 
as bidentate, in Ni(TU) 2 (HgO)^ and silver complexes, as monodentate; 

( ii) that the bonding with the me tel. ion in the conplexes except 
silver conplex and Ni(HgO)^(TU )2 are through thiocarbonyl sulphur and 
nitrogen of the doprotonated N-H group, thus forming an inner coiiplex 
tjpe of structure (II) and not the salt type (I). It is hard to 
distinguish between the inner complex structure (II) and polymeric 
structure (III). However, the polymeric type of structure (III) is 
preferred over the inner structure (II) owing to conplete insolubility 
of all the conplexes in most of the organic and inorganic solvents 
(Table II). In Ni(TU)g(HgO)^ and Ag^TU both Ihe N-H groups are depro- 
tonated and the bonding may be through nitrogen only. 

Visible Spectra and Magnetic Properties 

The magnetic and the visible-spectral properties of the 
complexes were studied to imderstand the spatial arrangements of the 
ligand around the metal ions. 

All the complexes are diamagnetic except cobalt(II), nickel- 
pyridine, nickel-aqua, and copper complexes, whose observed values of 
corrected magnetic moments at room temperature are 1.4 B.M., 2.8 B.M., 
2.2 B.M. and 1.8 B.M., respectively. 

The visible spectrum of the ligand in nujol mull exhibits 

—1 —1 

two moderately intense bands at 26,670 cm and 28,570 cm . These 
bands are assigned to n — T(* transitions of the thiocarbonyl groups. 
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The splitting of the band may be due to the interaction of the two 
thiocarbonyl groups. 

The spectrum of the nickel pyridine complex Nl(TU)Pyg in 

nujol mull shows three broad and weak absorption bands (10,000 cm~^, 
- 1-1 

14,700 cm , 22,750 cm ). The positions of ohese bands are characte- 
ristic of those found for octahedral congjlexes of bivalent nickel. 

This suggests the octahedral surrounding of the ligand aromd nickel 
ion. Besides these three bands, there are two other moderately ■ 
intense bands at 17,100 cm and 27,000 cm which may tentatively be 
assigned to the charge transfer bands in the complexes. 17,100 cm””^ 
band is not assigned to d-d transition because of its intensity. 

(Also if the crystal field parameters (B',;3 , Dq) are calculated 
using this band eis d-d transition, the calculated values are absurd). 
Since the symmetry of the field around nickel ion in the complex can 

never be 0^ and a departure from Oj^ field towards that of lower symimetry 
15 

should split up this band, any splitting which may be there in 

these bands due to lower symmetry is not resolved. However, 10000 cm~^ 

-1 

and 14,700 cm bands are not 33rmmetrical tovfords the high and low 

frequency sides respectively. From the positions of these three bands, 

—1 "“I. 

the values of Dq, B' and were calculated to be 1000 cm , 495 cm 
and 0.48 respectively. It may be noted that the values of B’ and /5 
are very low which is in accordance with the results obtained by 
Schaffer^® and Jjiirgensen^'^ who pointed out that the ligands coordina- 
ting through sulphur atoms frequently show low values of B* and fi . 



68 


These low values further Indicate that in the complex, thiocarbonyl 
sulphur is coordinating to the metal ion. This puts the ligand 2,4-di- 
thiouracil towards the strong end of the nephelauxetic series. The 
value of magnetic moment (2.8 B.M.) with practically no orbital contri- 
bution to the magnetic moment also independently demonstrates the octa- 

-1 

hedral symmetry around the nickel ion. 

In nickel-aqua complex the magnetic moment is 2.2 B.M. This 
value is intermediate between that of the complex in the low spin 
state (0.5 B.M. due to residual paramagnetism) and in the high spin 
state (o-'3.2 B.M.). This indicates that the energy difference between 
the singlet and the triplet state has become comparable with the thermal 
energy. This may possibly be due to the lowering of the field along 
the z-axis below and above the metal ion which is bound to four donor 
atoms in the plane. “ (As the field along the z-axis decreases, singlet 
state which lies much above the triplet state in the octahedral 
complexes drops in relative energy. Thus depending upon the relative 
axial (along z-axis) field strength with respect to in plane field 
(along X- and y-axes) strength, the singlet- triplet states lie close 
together allowing a partial thermal transition and thus lowering the 
magnetic moment value). 

The nujol mull spectrum of the nickel -aqua complex shows one 

-1 . -1 

unsymmetrical very broad band at 9075 cm with a shoulder at 12,120 cm • 

—1 -1 

It exhibits another shoulder at 14,500 cm . After 14,300 cm there is 
a continuous strong absorption band with a maximum at 33,000 cm“^. 
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The bands at 9075 cm and 14,300 cm" indicate an octahedral 

environment around nickel, and un symmetrical nature of the band at 

-1 -1 
9075 cm with a shoulder at 12,120 cm suggests that the field 

around nickel ion is not of type but of lower symmetry, possibly 

IS 1 

^4h* ^ possibility of the band at 12,120 cm" arising from 

the '^2^^^ transition. However, the author prefers that 

this band is due to departure from Oj^ symmetry towards This 

is obvious from the magnetic data as well as from the intensity of 

this band which is nearly the same as that of 9095 cm . If this would 

have been due to triplet singlet transition, the intensity should 

be very much less than that of a triplet triplet transition). The 

amount of splitting in the first band ( A T ) is a measure 

15 

(35/4 Dt) of degree of distortion. Assuming symmetry the values 
of Dq(xy)(907 cm~^), Dt(348 cm~^) and Dq^(300 cm~^) were calculated from 
the positions of these bands. The field along the z-axis is much 
smaller than that along the xy plane. This corresponds very well 
to the value of the magnetic moment of the complex. Thus, on the 
basis of i.r., visible spectral and the magnetic moments > structures 
IV and V are preposed for the nickel complexes. 

The stoichiometry of the copper complex is Cu(TU) 2 . A simple 
oxidation reduction experiment shows the absence of copper in +1 
oxidation state. Thus, one of the two N-H groups of the ligand is 
deprotonated. The value of the magnetic moment is 1.8 B.M. which 
falls in the range of octahedral con^lexes. The visible spectrum 
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shows a very broad band around 12,500 Below 16,670 cm“^ 

there is a strong continuous absorption with a band around 28,570 cm“^ 
(ligand band). The unsymmetrical band a.round 12,500 cm ^ suggests^^ 
the distorted octahedral stnicture of the copper complex. Thus, the 
insolubility of the complex in the organic and inorganic solvents, 
stoichiometry, paramagnetism corresponding to one unpaired electron 
and the visible, infrared spectra, suggest the structure VI for the 
copper complex. In this structure the ligand is behaving as a 
tridentate . 

The spectrum of cobalt(II) conplex, Co^(TU)g (HgO)^ shows five 

~1 -1 -1 -1 
weak bands at 10,990 cm , 11,650 cm , 13,330 cm , 14,290 cm and 

-1 

15,150 cm which presumably are d-d transitions. On the basis of these 

bands it is not possible to assign any definite structure of the 

con^lex. But it appears that the enviroimient around the metal ion 

is not octahedral but there is a strong distortion from the octahedral 

symmetry. The value of the magnetic moment is also very low (less 

than that of one unpaired electron). From the magnetic moment value 

it appears that the ligands are arranged in a square -pyramidal structure 

(dsp ) around cobalt ion and there is a spin-spin interaction which 

might arise due to direct cobalt-cobalt linkage of two square pyramidal 

23 

units with the formation of cr -bond by the overlap of d 2 orbitals. 

(It is also possible that the low value of magnetic moment might possibly 
be due to the presence of cobalt in +3 oxidation state. However, it 
has been proved by simple oxidation reduction reactions that cobalt in 
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the complex is not present in +3 oxidation state). Its complete 
insolubility in organic and inorganic solvents indicate a polymeric 
structure. Thus, on the basis of the chemical analyses, infrared 
spectral, magnetic moment value, the structure VII is tentatively 
suggested for the complex. In the structure the ligand is acting as 
a bidentate. 

Most of the cadmium(II), thallium(I) and lead(II) complexes 

P4 

mentioned in the literature are tetrahedral.' The complexes of these 
metal ions are diamagnetic. Therefore, the tetrahedral arrangement 
of the ligand molecule around Cd(ll), T1(I), and Pb(II) are assigned to 

I.A 

these conplexes. In cadmium and lead complexes the ligand is acting 
as tetradentate, while in others as bidentate. 

The stoichiometiy of silver and gold diamagnetic complexes are 
respectively. It is assumed that the complexes 
of silver(I) and gold(III) have salt like structures. 


AggCTU) and Au^XTU) 
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Table I 

Assigrmrents of Major Infrared Bands of the Ligand and 
the Complexes of Co(II), Ni(II), Gu(II), Pb(II), Cd(II), 
Tl(I), Ag(I) and Au(III)) (in cm”"^) 


Ligand Complex Assignments 

V (OH)^ 


*- 

5300 

5220 (s) 

2920(b) 

3165 (s) 

3060 

3070(s) 

3140(b) 

2880(b) 


1605 (s,sh) 

1600 (m,sh) 

1565 (s,b) 

1540 

1480(m,s,sh) 

1500 

1410 

1390 ' 

1560 

1320 

12l0(s) 

1190 

12S0(s) 

1200 

1250 (s) 

1220 

1128(s,sh) 

1150 

1085 (s, sh) 

1100 

985 (m) 

985 (w) 

860 (s, sharp) 

840 

780 

820(b) 

795 

600 (w) 

445 

440 

465 

465 

400 

400 


Coupled vibration due ^ 

V(N~H)^. In Ag, Au, Pb. 

complexes only 
V(C-H). 

S(N-H) +li(C=C), containing 
major contribution fromX)(C=C) 

Thioamide band I 

Skeletal vibration due to 
pyrimidine ring 

Thioamide band II'^ 


Thioamide band III® 

Characteristic vibrations of 
pyrimidine ring 

(C-H) out of plane vibration 

Thioamide band l/ 

Characteristic bands of 
pyrimidine ring 

y (M-S) +V(I^N)^ 


500-425 (two 
broad medium 
intense bands 


a) These bonds are present in the nickel-aqua and thallium complexes; 

b) 5140 cm“^ band is not present in the spectra of the silver, gold 

and lead con^jlexes; c) due toS(N-H) ^^^'(C-N) 4:y(0=C); d) due too (N-H) + 
y (C-N) +S(C-H); e) mainly due to^ (C-M) + ^ (C=S) ; f ) mainly due to 
^'(0=3); g) the position of these bands vary with the metal ions. 



73 


Table II 

The Magnetic Moments, Solubilities, the Bands of the Electronic 
Spectra of the Complexes, and their Assignments 


Complexes 

/"•eff. 

B.M. 

Solubi- 

lity 

Position of 
the absorp- ^ 
tion band (cm" ) 

Assignments 

Co4{TU)g(HpO)2 

1.44 

I 

10,990 





11,630 





. 13,330 

d-d transition 




14,290 





15,150 


Ni(TU)Pyg 

2.8 

I 

10,000 





14,700 





22,730 





17,100 

Charge transfer 




27,000 

n 

Cu(TU) 

1.85 

I 

12,500 

Chai’acteristic ' 

(L 



( uii syoame tri cal ) 

octahedrad. comp! 




28,570 

Ligand band 

Ni(TD)p(HpO)« 

2.2 

I 

9,075 





(unsymmetrical 

Ig g 




very broad) 





12,120(sh) 

Xg-^%g 




14,300(sh) 

^B -^^A 





Ig 2g 


Cd(TU) 

Pb(TU) 

Agg(TU) 

AUgCTU)^ 

Tl(TU)(HgO)g 


D 

D 

D 

D 

D 


I ) 

) 

I ) 

) 

I ) 

) 

I ) 

) 

I ) 


No d-d transition 


D) Diamagnetic; I) Insoluble in chlorofoimi, carbontetrachloride, benzene, 
tetrahydrofurane , cyclohexane, xylene, toluene, acetone, methanol, dioxane, 
dichloro-ethane and dichl oro-me thane . 



'f'-i 

\/ 


.Py 


— Ni N— C 

V;/’ 

Q— c ; 

:'V ' “ \. . :, 




Ni(il) 


-i G— N: - 


s 


:^P v.,; :- .--S, 


;{iv) 


— - N:i' 


■\. 


Vv A ." 


N — H 




Cu(II) 






as':.:a-;bi:dcntate:;;tiy^ 

ft':":-::-;-- vthr:o:ua^-;:'idf'd'y«^ 
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1. 2,4-Dithiouracil 

2. Co^(TU)g(H20)2 

S. Ni(TU)Py2 

4. Cu(TU)g 

5. Ni(TU)2(H20)^ 

6. Cd(TU) 

7. Pb(TU) 

8. Agg(TU) 

9. 

10. Tl(TU)(H20)g. 



















m 




f^. 
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CHAPTER III 

CHELATING BEHii¥IOUR OF 2,4-DITHI0URACII^II-‘ 

(Rh(lII), Ruflll), Pd(II), 

Pd(IV), Pt(II) and Pt(IV)) 


in this chapter the preparations, structural aspects of the 
complexes of Rh(III), Ru(III), Pt(II), Pd(II), Pt(IV) and Pd(IV) have 
been reported. 

EXPEREIENTAL 

(A) Pre oaration of 2.4-Dlthiouracil 

2,4-Dithiouracil, C^H^N^Sg was prepared by the method given 
in Chapter II, 

(B) Preparation of Metal Complexes 

(s-) Bis(2.4-dithiouracil)monochlororhodium(III) Fifty ml of the 
ligand solution in ethanol containing O.Sg (''"■'2 mmole ) and 100 ml 
of ethanolic solution of RhClg, having 0.21 g (^-1 mmole) of the 

* Indian Journal of Chemistry, 10, 657-659 (1972). 
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salt were mixed and digested on a water bath for six hours. On 
digestion a precipitate appeared, which was filtered out, washed 
successively with hot water and ethanol. It was dried in an air oven 
at 120*^0 for about six hours, yielding a brown coloured complex. 

Anal . Calcd.for Rb.(TU) 2 Cl: C, 22.5; H, 1.4; N, 15.1; S, 30.0; 

Rh, 24.1; 01, 8.2. Found: C, 22.8; H, 1.6; N, 13.2; S, 29.8; Ri, 24.3; 
01, 7.9. 

(b) Pentakis(2,4-dithlouracil)monochloro diruthenium (III) .- 0.43 g 

sample of the ligand (~ 2.8 mmole) in 85 ml of ethanol and 0.31 g of 
the RuClg.nHgO (o--1.4 mmole) in 100 ml. of ethanol were dissolved. The 
two solutions were mixed. The mixture was digested for about three 
hours on a water bath. The precipitate of the complex vjas filtered, 
washed successively with hot water and ethanol. It was dried in an 
air oven at 120 °C for about eight hours, yielding a dark gray coloured 
complex. 

Anal . Calcd.for Ru 2 (TU)gCl: 0, 25.0; H, 1.6; N, 14.6; S, 33.4; 

Ru, 21.1; Cl, 3.7. Found: C, 24.8; H, 1.7; N, 14.2; S, 33.1; Ru, 20.7; 
Cl, 4.0. 

(c) Bis ( 2.4-dithio'uracilballadium( II) . - 0.57 g (~3.8 mmole) sample 

of the ligand was dissolved in 100 ml of ethanol and 0.35 g (■^'1.9 mmole) 
of the PdClg, in boiling distilled water. The two solutions were 
mixed whereupon a yellowish brown coloured precipitate appeared. 

The precipitate was digested on a water bath for about five hours. 
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The precipitate of the complex was filtered, washed successively 
with hot water and ethanol . It was dried in an air oven at 120 °C 
for a few hours, yielding a yellowish brown complex. 

Anal . Calcdfor Pd(TU)^: G, 24.4; H, 2.0; M, 14.2; S, 32.4; 

Pd, 26.8. Found: C, 24.1; H, 1.8; N, 13.9; S, 32.1; Pd, 2G.6. 

(d.) Pentakis(2.4-dithiouracil)dichlorodipalladium(I'y) A solution 
of PdCl^ in acetone was prepared by oxidizing PdClg in acetone containing 
a little HCl by chlorine.^ 0.43 g (-^2.9 mmole) sample of the ligand 
(TU) was dissolved in 85 ml of ethanol. This was slowly added to 50 ml 
intense red coloured solution of FdCl^ containing 1 mmole of the salt, 
whereupon a bright orange colotired precipitate appeared. It was 
centrifuged, washed successively with hot acetone, ethanol and ether. 

It was dried in an air oven at 120 °C for eight hours, yielding a bright 
orange coloured complex. 

Anal . Calcd. for Pdg(TU)gClg; C, 23.9; H, 1.6; N, 13.9; 

S, 31.8; Pd, 21.1; Cl, 6.9. Found: C, 23.7; H, 1.9; N, 13.7; S, 31.5; 

Pd, 20.9; 01, 6.6. 

(e) Bis( 2 .4~dithiouracil)platin\im(II) A solution of the ligand 
0.3 g (■'••' 2 mmole) in 50 ml of ethanol was mixed with 50 ml 
solution of KgPtCl^ (0.42 g) in distilled water. The mixture was 
stirred whereupon a yellow precipitate appeared. It was digested for 
about one hour on a water bath. The precipitated complex was centri- 
fuged, washed successively with hot water, ethanol and finally, with 
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ether. It was dried in an air oven at 120 °C for fourteen hours, 
yielding a yellow complex. 

ilnal . Calcd. for Pt(TU^: C, 20.0; H, 1.2; N, 11.7; S, 26.7; 

Pt, 40.7. Found: C, 19.8; K, 1.5; N, 11.5; S, 26.5; Pt, 40.4. 

3^s(S,4-dithiouracil')dichloroplatinum(IV’) 0.3 g sample of 
the ligand ( ■■"•'■2 mmols) was dissolved in 50 ml. of ethanol and 
0.4 g of KgPtClg ( .-^1 mmole) in 50 ml of veir:j dilute hydrochloric 
acid. The two solutions were mixed. On stirring, a yellovr precipitate 
appeared. It was digested for about an hour on a water bath. 

The precipitated complex was centrifuged, washed successively xjith 
hot water ethanol and finally, with other. It was dried for a few 
hours in an air oven at 120 °C, yielding a yellow complex. 

Anal . Calcd. for Pt(TU)gClg; C, 17.5; H, 1.4; N, 10. 1; 

S, 23.1; Pt, 55.1; Cl, 12.8. Found: C, 17.6; H, 1.6; N, 10.4; 

S, 23.5; Pt, 35.5; Cl, 12.4. 

Analyses 

The analyses of the metal ions and the halogen were carried 

2 3 

out by the standard methods, Carbon, hydrogen, and nitrogen 
analyses were performed by the Microanalytical Section of the Indian 
Institute of Technology, Kanpur, India. The analytical resiilts are 
given in the text. 

Infrared, magnetic susceptibility and visible spectra of the 
ligand and the complexes were taken by the usual procedure described 
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in Chapter II. The major bands of the infrared spectra and their 
assignments are given in Table I. Solubilities, the magnetic moments 
and the positions of the electronic spectral bands are given in 
Table II. 

RESULTS AND DISCUSSION 

From the analytical data (given in the text) and comparison of the 
stoichiometries with the known preference of Pd(II), Pt(II), Pt(IV), 
Pd(IV), .Rh(III) and Ru(III) for a coordination of four or six, it is 
apparent that the ligand is functioning as a bidentate in all the 
complexes. In such a situation it can form either a simple salt by 
substituting the protons bonded to the nitrogen atom, or an inner 
complex or a polymer by linking through thiocarbonyl sulphur and 
nitrogen atoms (structures are given in Chapter II). The ligand is 
assumed to be present in thione form (reason cited in Chapter II 
of the thesis). 

The positions of the main infrared absorption bands of the 
ligand along with their major shifts after complexation are given in 
Table I. Since the thioamide groups were belie'^ed to take part in the 
bond formation with the metal ions in complexes, one should expect 
the major shifts in the positions of the bands arising due to the 
stretching of the bonds and the bending of the angles of the two 
H-N-C-S groups of the ligand. Also due to the presence of the two HNCS 
groups adjacent to each other, the thioamide bands will be either 
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split ones, or broad due to the intramolecular interaction. The 
major shifts along with the discussion are summarized below; 

(a) In the spectra of the complexes, the major changes in 
the positions of the bands arising due to the stretching of the 
bonds and bending of the angles of two H-N-C-S groups are similar 
to those of cobalt(II) and thallium(I), complexes (Chapter II). 

This indicates that in these complexes, (i) the ligand is acting as 
bidentate, and (ii) the bonding with the metal ions in the conplexes 
are through thiocarbonyl sulphur and nitrogen of the deprotonated 
N-H group. 

-1 -1 

(b) In the regions 320-S50 cm" and 450-490 cm , there 

appear two new moderately intense bands in the spectra of all the 

complexes. These bands can not be assigned to either pure y (M-S) or 

V (M-N) modes of vibrations respectively. Both these bands must be 

having contributions from (M-S), V (M-N) and other skeletal modes 

of vibration characteristic of pyrimidine ring. However, it is very 

-1 -1 

probable that the bands in the region 320-350 cm and 450-490 cm 
are having maximum contribution f rom V (M-S) and y(M-N) respectively. 

(c) In the case of Rh(III) and Ru(III) complexes, a nex-r band 

appears in the region^270 cm This is assigned^ to "P (M-Cl) of 

the bridging group M-Gl-M. 

From the preceding discussion of the infrared spectra of 
the complexes and the ligand, it can be inferred: (i) that the ligand 
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is acting as a bidentate in these complexes, (ii) that there is 
metal-chlorine bridge in the Rh(III) and x8u(III) complexes, and 
(iii) that the ligand is in the thione form. It is very hard to 
distinguish if the complexes are having the inner type of structure or 
poljTneric structure. However, the complexes are highly insoluble in 
all the common organic and inorganic sol\'ents. From this observa- 
tion the possibility of the polymeric structure is more than that of 
the inner t^/pe. Therefore polymeric striictures are- proposed for these 
coiifplexes. 

Visible Spectra and Magnetic Properties 

The electronic spectra of the complexes in the visible region 

were studied to determine the possible spatial arrangements of the 

donor atoms around the metal ions. All the complexes start absorbing 

-1 

continuously from 8000 cm . However, there are a number of shoulders 
present in the spectra at various wave numbers (Table II). 

Owing to the greater oxidizing power of the metal ions of the 
IVth and Vth transition series, and also owing to the greater reducing 
power of the sulphur containing ligands, the charge transfer bands 
appear at much lower wave number,^ due to the transitions between the 
various molecular orbitals of the complex ion. Besides the extinction 
coefficients of these bands in the ^ectra of the IVth and the Vth 
transition series, metal ions are large. Therefore, it will not be 
possible to make definite assignments to the bands which appear as 
shoulder, although some of them appear in the expected region. 
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Thus, in Pt(II) and Pd(II) complexes, a broad band is present around 

bands 

24,400 cm~^ and 22,000 cm”^ respectively. These/in the square planar 

geometry of the donor atoms around metal ions can be assigned to the 

transition Xg (^g 4g °lg^' spectra of 

^ —1 

complex, a shoulder appears at 15,200 cm , which maj'" be assigned to 

with an energy interval equal to — 35F, + lODq, when 
Ig ig ^ 

rhodium(III) is surrounded by an octahedral field. 

The spectra of all the conplexes show two bands in the region 
33,000 cm~^ and 25,000 cm”^ vfhich have been assigned to n Tt* 

transitions of the thiocarbonyl groups of the ligand molecilLe. These 

-1 

bands appear in the spectra of the ligand at 33,000 and 26,300 cm • 

The complexes of Bh(III), Pd(II), Pt(II), Pt(IV) and Pd(IV) 
are diamagnetic indicating octahedral geometry around Ph(III), Pd(IV) 
and Pt(IV) and square planar geometry for Pt(II) and Pd(II) metal ions. 
These spatial arrangements around the- metal ions are well in corres- 
pondence with the kno’-m. preferred arrangements of the ligand molec-ules 
around metal ions. 

The magnetic moment of ruthenium(III) complex is 0.99 B.M., 
which is much lower than that due to one unpaired electron. This 
indicates that there is a little spin-spin interaction between two 
ruthenium ions which impart antiferromagnetic character to the complex. 
On this basis we propose a long metal— metal bond in the complex. 

Thus, on the basis of analytical, infrared, visible spectral 
and magnetic data the structures I, II, HI, IV, & ? have been proposed 


for the complexes. 
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Table I 


Assignments of the Major Infrared Bands of the ligand 


and the Cougjlexes (cm“^) 


Ligand 

Conpdexes^ 

Assignments 

3220 (s) 

2920(b) 

Coupled -vibration due to 

5165(s) 

3070(b) 

3060 

3140(b) 

V (CH) and V (-N-H) 

2880(b) 

1605 (s,sh) 

1600 (m, sh) 

S (N-H) +V (C=C), contai- 
ning major contribution 
from (0=C) 

1565(s,b) 

1540 

Thioamide band 

1480 (m, s, sh) 

1500 


1210 (s) 

1190 

c 

Thioamide band II 

1230(s) 

1200 


1250(s) 

1220 


1128(s,sh) 

1150 

Thioamide band Ilf^ 

1085 (s, sh) 

1100 


780 

820(b) 

Thioamide band T'f 

795 

- 

450-490 

Vibration having major 

f 

contribution fromL-*(M-N) 

- 

520-350 (one) 

Vibration having major 

f. 

contribution from^ (M-S) 

- 

•■■■'-''270 

D (M-Cl-M) bridge^ 


a) These wave numbers represent only the region where the metal ion complexes 
absorb; b) due toS(N-H) +y (C-IJ) 4-V (C=G); c) due toS (N-H) +1^(C-N) +6(C-H); 
d) mainly due toV(C-N) + i''(0=S); e) mainly due to l) (0=S); f) the position 
of these bands vary with the metal ions; g) this band is present only in 
Rh(III) and Ru(III) complexes. 
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Table II 


Solubilities, the Position of the Electronic Spectral band 
in the Ligand and the Con^slexes and their Magnetic Moments 


Complexes and 
ligand 

/^eff 

B.M. 

Solubi- 

lity 

Position of the absorp' 
-1 

tion band in cm 


- 

- 

3S,000 

26,300 

(a) Hh(TU)2Cl 

D 

I 

52,258 

26,316 

13,200 

12,345 

10,000 

(b) Ru2(TU)gCl 

0.99 

I 

28,985 

27,777 

14,285 

13,889 

13,151 

9,803 

(c) Pd(TU)g 

D 

I 

25.000 

22.000 

11,111 

(d) Pdg(TU)gCl 

D 

I 

33,000 - 20,000- 
(broad band) 

(e) Pt(TU)g 

D 

I 

29,412 

24,400 

16,667 - 12,500 
(broad 
band) 

(f) Pt(TU)2Clg 

D 

I 

30,037) (broad 
29,412) band) 

D) Diamagnetic; 

I) Insoluble 

in chloroform, 

carbon te trachl oride , 


benzene, tetrahydrofurane , cyclohexane, xylene, toluene, acetone, 
methanol, dioxane, dichloroe thane and di chi or ome thane. 
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Fig. III.l 


1. 2,4—Dithiouracil 

2. Hh(TU)gCl 

5. Hu2(TU)5G1 

4. Pd(TU)g 

5. Pd^(TU)gClg 

6. Pt(TU)^ 

7. Pt(TU)gClg 
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EXPERIMENTAL 

Preparation of Metal Complexes 

( ^ ) 3is ( 2 , 4-d it hiouracil) bls-( triphenylphosphine ^palladimiCO ) . - Te traki s- 
(triphenylphosphine)palladluin(o) was prepared by the published procedure.^ 
0.40 g sample of Fd(P0g)^ (•''-'0.S4 inmole) was dissolved in 70 ml of 
benzene at about 70°C. To this, another solution of 0.8 g of the ligand 
('■•''5.5 mmole) in 100 ml of boiling n-butanol was added dropwise. The 
resulting solution was concentrated on a water bath to a small volume 
which resulted in a reddish orange coloured precipitate. The resulting 
coiT^lex was centrifuged and washed successively with n-butanol, benzene, 
ethanol and finally, with ether. It was dried in a vacuum dessicator 
for about ten hours, yielding a reddish orange coloured complex. 

Anal . Calcd. for Pd(TUH)g(P02)g; C, 57. 7, • H, 5.7; N, 6.1; S, 14.0; 
Pd, 11.5. Found: C, 57.5; H, 5.2; N; 5.9; S, 15.6; Pd, 11.1. 

Te trakis( 2, 4-dithiouracil) bis ( triphenvlphosphine)dichlorQtrirhodi-um( I ) . -- 
Tris(triphenylphospihine)monochlororhodi-um(I) was prepared by the known 

n 

procedure. A solution of 0.46 g of the Rh(PjZSg)gCl (•-^•0.6 mmole) was 
prepared in 70 ml of benzene. To this, a solution of 0.69 g of the ligand 
(-•^ 4,7 mmole) in 80 ml of n-hutanol was added dropwise. The mixture 
was heated on a water bath at about 80°G for four hota-s and the preci- 
pitated complex was filtered out and washed successively with hot 
n-butanol, benzene, ethanol and finally, with ether. It was dried in an 
air oven at 120°C for a few hours, yielding an orange yellow coloured 
complex. 
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Anal . Calcd.for .Rh^(TUE)g(TU)Glg(P0^)2; C, 42. 1| H, 

N, 7.5; S, 17.2; Rh, 28.8; Cl, 4.7. Pound: C, 41.2; H, 2.2; N, 8.0; 

S, 16.7; Eh, 29.3; Cl, 4.4. 

(c) Tetrakis(2.4~dithiouracil)diaquodlrhodium( II ) .- !Rh(II) (CC1„C00)- „ 

- g 

complex was prepared by a slightly modified Ivinkhaus and Ziegler method.'" 
The greenish blue crystals, thus obtained, were dissolved in about 
50 ml of n-butanol. The resulting solution was mixed with a solution of 

O. 3 g of the ligand (''■•'■2 mmole) in 50 ml of n- butanol and heated on a 
water bath at 60-70 °C for about three hours. The precipitated complex 
was filtered out and washed successively with boiling n-butanol, ethanol, 
and finally, with ether. It was dried in an air oven at 120^^0 for a few 
hours, yielding a brown complex. 

Anal . Galcd for iEh(TU)^H^oJ^ : C, 23.4; H, 1.9; N, 13.6; 

S, 31.2; Rh, 25.1. Found: C, 22.9; H, 1.8; N, 13.4; S, 31.5; 

Rh, 24.9. 


(^) Tris(2.4-dith 


The Ru(II) complex 


(RUgCl^g)^ was first obtained as a deep blue species b;r VJilkinson, et al. 
4 of 

method. To this, 0.80 g/the ligand (’■'-5.5 mmole) in 100 ml of ethanol 


was added. The mixture was refluxed for two hours. The precipitated 


complex was filtered out and washed successively with water, ethanol 
and finally, with ether. It was dried in an air oven at 126°C5 


yielding a dark brown coloured complex. 



102 


Anal . Calcd. for .Ra2(TUH)^(HgO)^ ; C, 21.3; H, 1.9; M, 12.5; 

S, 28.5; Ru, 50.1. Found: C, 21.5; H, 2.0; N, 12.8; S, 28.1; Ru, 29.7. 

Oxidation State of Metal Ions 

Oxidative reaction of palladiuni(o') complex with iodine.- The reaction 

with alcoholic iodine was carried out according to the 
5 

method given by Malatesta. An exact weight of the complex and an 
excess of standard alcoholic solution of iodine (K/50) were shaken for 
one hour and then allowed to keep for a few hours in a well stoppered 
flask. The unreacted iodine was titrated with a standard solution of 
sodium thiosulphate (N/50). Another blank titration was carried out 
without the addition of the complex but in the presence of an equivalent 
amount of triphenylphosphine and the ligand (TUH). The difference of 
the two titer readings indicated the two electron change per mole of 
complex in the reaction. 

O xidation reaction of rhodium(I) and rhodium(II) complexes with ceric 
ammonium sulphate .- The oxidation states of the metal ions were determinod 

s 

by the procedure described in the literature. A known weight of the complex 
was allowed to react with a measured volume of ceric ammonium sulphate 
solution standardized with pure iron metal in presence of platinum, 
which acts as a catalyst. Dissolved air in the ceric ammonium sulphate 
solution was removed ty pre saturating it with nitrogen. The rest of 
the method is the same as described in palladium(o) case. The 
unreacted ceric ammonium sulphate solution was determined with 


of Pd(TUHyp0 
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standard ferrous ammonium sulphate solution using ferroin as 
indicator. Rh(I) complex titrated for teo electron change and 
Rh(II) complex for one electron change. 

Methods and Techniques 

The analyses of the metal ions, chloride and sulphur were 

7 8 

carried out by the standard methods. * Carbon, hydrogen, and nitrogen 
analyses were performed by the Microanalytical Section of the 
Indian Institute of Technology, Kanpur-16, India. The analytical 
results are given in the text. 

The infrared spectra, magnetic susceptibility measurements 
and visible roectra of the ligand (TUH) and the complexes have been taken 
by the procedure described in Chapter II. The major bands of the 
infrared spectra are given in Table I. The results of magnetic 
moments of the complexes, the pordtion of the visible absorption band 
and their solubilities in the solvents are given in Table II. 

RESULTS AJID DISCUSSION 
Palladium ( 0 ) Complex 

The analytical results show that the formula of the 
palladium(o) complex is Pd(TUH)5,(P0^)p, The oxidation reduction 
reaction vrith iodine indicates that two eqtd. valent s of iodine' 
are needed to oxidize one equivalent of the complex suggesting 
palladium to be in the zero-oxidation stats. Palladium in the 
zerovalent state prefers to have tetrahedral arrangement of 
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the ligands. Assming this, it is apparent that the ligand in this 
complex is functioning as a monodentate. In such a situation it can 
form bond with palladium hj linking through nitrogen or sulphur of the 
thiodarbonyl group (the ligand is assumed to be in the thione form). 

In the infrared spectrum of the complex there is no appreciable change 

«•! —1 -"5 —1 

in the position of the 5220 cm , 5165 cm , 5070 cm "" and 2880 cm 

bands ('^10 cm~^) . However, due to the presence ofV (C-H) of the 

—1 —1 —1 

triphenylphosphine around 5000 cm , 2880 cm and 5070 cci bands 

broaden. Similarly the position of the thioamide bands I and II 

(1565 cm”^, 1480 cm”^ and 1210 cm”^, 1230 cm~^ and 1250 cm”^) are not 

much shifted in the spectra of the complex (-^lO cm”^). However, the 

bands due to thioamide band (III) (1128 em~ , 1085 cm” ) which contains 

contribution froml^ (C-N) axidV (C=S) are split into two bands and also 

the positions of these bands are shifted by about 20 cm”^. Similarly, 

—1 -1 

the positions of the hands at 780 cm . end 795 cm (thioamide band IV) 
are shifted to 775 cm”^ and 835 cm”^ and both these bands are split 
into two bands. The shifts and the split in the thioamide s bands III 
and IV indicate that probably the bonding of palladium is through 
thiocarbonyl sulphur and not through nitrogen of the ligand. 

All the bands of the triphenylphosphine are present in the 

i.r. ^ectrum of the complex. However, there appear two new sharp 
* -1 -1 

and strong bands at 745 cm and 735 cm in the spectrum. Such 
bands are characteristic of phosphorus compounds in which it achieves 
coordination number four. Thus, the presence of these bands indicate 
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the coordination of phosphorus to palladium. A new band around 
300 cm ^ in the epectrum may be assigned to V (Pd-S) . 

The palladium corplex is diamagnetic indicating the singlet 
ground state. In case the palladium in the complex is in zerovalent 
state as indicated by the oxidation reduction reaction siid also suppor- 
ted by i.r. spectrum, one should not expect any band in the visible 
spectrum due to d-d transition (d^^ system). The spectanxm of the Pd(o) 
complex shows only one strong band below 400 m^ which may be due to 
the ligand molecules. Thus, the corplete absence of the absorption 
bands in the visible region, independently suggests that the metal in 
the complex is present in the zerovalent state. Based on these data, 
the tetrahedral structxire I is proposed for the complex. 

Rhodlum( I) Complex 

The analytical data of rhodium(I) suggest the formula of the 
complex to be Rh 2 (TIJH)g(TU)Glg(PjZSg) 2 . It appears that one of the four 
ligand molecules is linked with rhodium after deprotonation. Most of 
the rhoditmCl) complexes are square planar,^ and therefore we esipect 
that the geometry around rhodium(I) in this complex is also square- 
planar. 

The i.r. spectrum of the complex is similar to that of 
palladium(O) complex except that thioamide bands (I) and (II) are 
broadened. Since thioamide bands I and II contain mostly $ (N-H), 
and if one of the ligfoid molecules is deprotonated during complex 
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formation, one should expect shift in the thioamide bands (I) and 
(II) of the deprotonated ligand, while other ligand molecules should shovr 
thioamide bands (I) and (II) at about the same position as that of 
palladium (O) complex. This shift in the position of the thioamide 
bands (I) and (II) at 780 cm*” is split into two bands (795 cm 
and 820 cm ) and that at 795 cm is broadened, indicating the two 
types of C=S group. 


The complex is diamagnetic indicating the singlet ground 

state, which would be expected by analogy with other complexes of 
10 

univalent rhodium. This suggests the square-planar surrounding 
around rhodium. Assuming square planar arrangement, three spin 
allowed d-d transitions are anticipated in the spectrum of the 


complex. Besides these, the spectrum should show three spin for- 

15 3 5 

bidden single t-triplet transitions from A^^ to A^^, and 

respectively. However, the spectrum in the mijol mull shows one 

moderately strong band at 580 myu (17,000 cm*"^) and two weak bands 

— 1 . — 1 . 

at 760 myu (''■-'13,170 cm ) and 800 m^u (■'•-^12,500 cm"” ). Generally 

one ascribes the most intense and highest energy d-d band to the 
11 11 

A E transition and the low energy weaic transition, to spin 

2g g 

forbidden transition, which have gained intensity through spin orbit 

-1 11 
coupling. Based on this, 17,000 cm band is assigned to 

and the bands at 13,170 cm and 12,500 cm to two out of three 


spin forbidden transitions. However, it will be veiy difficult to 
assign these two spin forbidden bands. The position of the band at 
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17,000 cm ^ also corresponds to the one observed in other Bh(I) 

12 

complexes. Based on these data structure II has been tentatively 
proposed for the complex. 

Rhodiumfll') Somplsx 

The analytical data indicate its formula to be iRh(TU)g(HgO)Jp. 
The oxidation state of rhodium was foiond to be +2 by ceric ammonium- 
sulphate oxidation reaction. 

The i.r. spectrum of the complex shows shifts in the position 

of the bands similar to the ones found in the spectrum of Pt(II), 

Pd (II) and other metal ion complexes in which ligand is acting as a 

bidentate (Chapter III) suggesting the bidentate nature of the ligand 

in this complex. Besides this, there are bands at 3400 cm (b) , 

—1 

1650 cm~ (w) and 880 cm~ (mst) which may be assigned to the charac- 

13 

teristic bands of the coordinated water. 

The complex is diamagnetic. The quenching of the magnetic 

7 

moments in the d system could be explained either by assuming strong 
spin-spin interaction,, which might arise due to rhodiura(II)-rhodium(II) 

linkage with the formation of either a ^ -bond by the overlap of 

15 IS 

d 2 ,2 orbitals * or a o~ bond by the overlap of d 2 orbital or 
X -y ^ j ^ z 

by superexchange mechanism. It has been shown, however, that similar 

17 18 

known diainagnetic Bh(ll) complexes | ' have a short rhodium-rhodium 
distance forming a direct metal-metal bond. The superexchange 
phenomenon generally takes place in those compounds in which two metal 
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atoms are linked through a monoatomic bridge. Assuming this, a 

direct metal-metal bond is postulated to explain the quenching of 

paramagnetism. Diamagnetic complexes have also been reported 
G 

.0r 19 20 

earlier, * in which spin-spin interaction between two adjacent 

metal ions have been postulated. 

The visible spectrum of the complex shows one band at 
-1 

17,700 cm which could not be definitely assigned in the absence 
of the energy level diagram of such diamagnetic rhodium(II) complexes. 

However, analogous to the other diamagnetic rhodi\im.(II) complexes, 

-1 -1 

which show a band around 18,000 cm , a band appears at 17,700 cm 

in this complex also. 

Thus, on the basis of the above discussion of the i,r. and 

magnetic data structure (III) has been proposed for the rhodium(II) 

18 

complex, which is analogous to its carbonylate complex. 

Ruthenium (II) Complex 

The formula of the complex is RUp(TUH)g(Hg0)p as suggested 
by the analytical data. 

The i.r. spectrum of the complex is similar to cadmium 
complex, where ligand is acting as a tetradentate (Chapter II). 

•*“1 

Besides, there are weak bands present due to'U (N-H) around 3100 cm . 

But these bands are very weak as compared to those present in the 
spectrum of the ligand that one shotild expect if one out of the three 
ligands is not deprotonated in the complex formation. Besides these, the 
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characteristic bands due to coordinated water 8,re present around 
5400 cm“'^(b), 1650 cm"^(w) and 880 cm“^(mst) indicating the presence 
of coordinated water molecule in the complex. 

The ruthenium(II) complex is diamagnetic. In most of the 
ruthenium(II) complexes, ruthenium preferentially has an octahedral 
geometry.*^ If one a.ssumes an octahedral vsymip.etry aroxmd the metal 
ion and if the field produced by the ligand is strong, one should 
expect diamagnetic behaviour by the complex. The nujol miill ^ectrum 
of the complex in the visible range shows three bands at 20,410 cm (m), 
17,500 cm‘'^(m) and 12,500 cm“^(vw) . There also appears a very weak 
shoulder at 12,000 cm""^. In d® system with 0^ symmetry, one should 
expect four bands (two spin allowed bands corresponding to the transi- 
tion from to and and two spin forbidden bands from 

Ig -i-g 

^Aig to ^T^g and . If the symmetry is lowered, the T^^ and T^^ 

levels are split-up further giving a number of other bands (12 bands 

in all). The two low intensity bands may be tentatively assigned to 

-1 -1 

spin forbidden transition and the bands at 20,410 cm and 17,500 cm 
are assigned to ^'^2g "^Ig”^ '^^1°’ respectively. 

These are broad bands. Thus, on the basis of i.r., visible spectral 
and magnetic data, the polymeric structure IV is proposed for the 
complex. 

All the complexes i.e. Pd(o), Rh(I), Eh(II) and I?u(II) are 
highly insoluble and therefore, the polymeric structures are preferred 
over mono- or dimeric structures for these complexes. 
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Table I 



The Infrared Bands 
Complexes of Pd(0) 

(in 

of the 

, Rh(I), 

-1\ 
cm ) 

Ligand and the 

Ph(II) and au(II) 


Ligand 

Pd(0) 


Ife(I) 

Rh(II) 

Rii(II) 


.. 



3400(b) 

3400(b) 

5220 (s) 

3210 


3210 

3140(b) 

5140(b) 

3165(s) 

5160 


3155 

5060 

3060 

3070(b) 

3070 


3060 

2920(b) 

2920(b) 

2880(b) 

2830 


2070 

- 

- 

- 

- 


- 

1650 (w) 

1650 (w) 

1605 (s,sh) 



- 

1600 (m,sh) 

1600 (m,sh) 

1565 (s,b) 

1555 


1555 

1540 

1540 

1480 (m,s, sh) 

1480 


1470 

1500 

1500 

1410 

- 


- 


1390 

1360 

- 


~ 

- 

1520 

1210 (s) 

1210. 


1200 

1190 

1190 

1250 (s) 

1225 


1220 

1200 

1200 

1250 (s) 

1240 


1240 

1220 

1220 

1123 (s,sh) 

1108 


1108 

1150 

1150 

1085 (s,sh) 

1065 


1065 

1100 

1100 

985 (m) 

- 


- 

- 

885 

800 (m, sharp) 

- 


- 

880 (m,s) 

880 (m, s) 

795 

835 


795 

820(b) 

820(b) 

780 

775 


795) 


600 (w) 




820) 




745 


745 


— 


735 


735 



445 

- 


- 

450-490 

445 

465 

- 



- 

435 

400 

- 



- 

400 


300 


500 

330 

535 


Ill 


T able II 


Solubilities, the iiagnetic Moments and the 
Position of the Visible Absorption Bands 
of the Complexes (cm''T) 


Complexes 

Visible 

absoroption 

band 

/^eff. 

B.M. 

Solubi- 

lity 

(a) Bis(2,4-dithiouracil)- 
bis ( triphenylphosphine ) - 
palladlm(O) . 

Pd(TUH)2(P0g)g 

- 

D 

I 

(b) Tetrakis(2,4-dithiouracil)- 
di ( triphenylphosphine ) - 
dichlorotrirhodium(I) . 
Bh3(TUH)g(TU)Cl2(P^3)2 

17,000 (s) 
13, 170 (w) 
12, 500 (v) 

D 

I 

(c) Tetrakis(2,4-dithiouracil)- 
diaquo-dirhodium( II ) . 
[Rh(fu)^H20]p^ 

17,700 

D 

I 

(d) Tris(2,4-dithiouracil)- 
diaquo-diruthenium(II) . 
Ru2(TUH)3{HgO)g 

20, 410 (m) 
17, 300 (m) 
12,300(v,w) 
12,000('v,w, 

D 

sh) 

I 


D) Diamagnetic; s) Strong (moderately); w) Weak; v,w) Very weak; 
sh) Shoulder; I) Insoluble in chloroform, carbontetrachloride, benzene, 
tetrahydrof urane , cyclohexane, xylene, toluene, acetone, methanol, 
dioxane, dichloro-ethane , and dichloro-methane . 
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IS 




' Rh 

/I \ 

H 2 O 

Rhdl) 


C = 0 ^ 

/ A 

_s=c N- 

\ / 

N — C 

\ S 

HjO — >R“ — ' 


'c N 


c— s- 


c=c 


RuCIO 


c —c 


N — H C 

A,-. / 

N C , \ 

1 II \ N. 

H S N -. / 

^k/ 

'N 
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1- 2 , 4-Dithiouracll 

2. Fd(TUH)2(P^g)g 

5. Hh3(TUH)5(?U)Clg(Pji3)2 

4. (^(TU)gHgOJ2 

5. Ra2(TUH)3(HgO)g 
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CHAPTER V 

CHELATING BEHAVIOUR OF 3,4,5-PIRIDAZINE TRITHIOL-I* 
(Co(II), Cu(II), Ni(II), Fe(III), and Cr(III)) 


In this chapter, the preparations, the magnetic and the spectros- 
copic (i.r., U.V., visible) studies of the complexes of cobalt(II), 
nickel(II), copper(II), iron(III) and chromium(III) with 5,4,5-p7rida- 
zine trithiol have been reported. Based on them the probable structures 
of the complexes have been proposed. 

EXPEPJMENTAL 

(A) Preparation of 5.4.5-Pyridazine Tri thiol 

3,4,5-Pyridazine trithiol C^H^^NgS^ (hereafter referred to 

1 

as THg) was prepared by the method given below; 

* J. Inorg. & Nucl. Chem. (in Press) 1972. 
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4,5-Dichloro-5-pyridazone (2 g) was refluxed with 8 g of 

phosphorus pentasulphide in 150 ml of diy pyridine for sixteen hours. 

The imixture was kept overnight and vacuum distilled. The resulting 

product was dissolved in distilled water. The solution was filtered and 

the filtrate was acidified with concentrated hydrochloric acid, 

u 

-thereby a yellow precipitate of trithiol appeared. The precipitate 
was washed with water and dried, m.p.^400°G. 

(B) Preparation of Metal Complexes 

(s-) Bis(5.4.5-pyrida2ine trithiol')hexaaquo-CQbalt(II') 0*88 g 
sari5)le of the ligand (■^5 mmole) was dissolved in 200 ml of ethanol. 

To this a solution of 0.7 g of the CoClg.SHgO (^2.1 mmole) in 100 ml 
of ethanol was added slowly whereby a brown precipitate appeared. It 
was digested for about four hours on a water bath. The precipitate 
of the complex was filtered out and washed successively with water and 
ethanol. It was dried in an air oven at 120 °C for a few hours, yielding 
a brown coloured complex. 

Anal . Calcd.for Co(TH2)2.6H20: C, 18.6; H, 3.5; N, 10.8; 

S, 57.1; Co, 11.4. Found; C, 18.2; H, 5.1; N, 10.4; S, 37.5; Co, 11.1. 

(b) Mono(5.4.5-pyridazine-trithiol)nickel(II) » - 0.45 g of the ligand 

(THj) (i^2.4 mmole) was dissolved in 100 ml of ethanol and 0.6 g of 
the NiClg.GHgO 2.5 mmole) in 100 ml of ethanol. The two solutions 
were mixed whereupon a brown precipitate appeared. It was digested 
for about five hours on a water bath. The precipitated complex was 
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filtered out, washed successively with hot distilled water and 
ethanol. It was dried in an air oven at 120 for seven hours, 
yielding a brown coloured complex. 

Anal . Calcd.for Mi(TH): C, 20.6; H, 0.9; N, 12.0; S, 41.2; 

Ni, 25. S. Found: C, 20.0; H, 1.2; N, 11.8; S, 41.7; M, 24.8. 

( c ) Tetrakis(5.4.5-pyridazine tri thiol Mecaaquo-penta-copperf II) . - 
0.45 g of the ligand (TH^) (i-Vi‘2.5 mmole) and 0.8 g of the CuClg.2Hg0 
('*-'4.7 mmole) were dissolved in 100 ml and 80 ml of ethanol respectively. 
The two solutions were mixed slowly whereby a greenish coloured preci- 
pitate appeared. It was stirred and kept overnight. The resulting 
precipitate was filtered, washed successively with water and ethanol. 

It was dried for a few hours in an air oven at 120 °C, yielding a black 
coloured complex. 

Anal . Calcdfor CUg(T)g(.TH)g.l0H20; C, 16.1; H, 2.2; N, 9.4; 

S, 52.2; Cu, 26.6. Found: C, 16.4; H, 1.9; N, 9-7; S, 32.6; Cu, 26.1. 

(d) Tris(5.4.5-p'^rridazine trithiol)triaquo iron (III) .- 0.90 g of the 

ligand (THg) (r^S.! mmole) was dissolved in 180 ml of ethanol and 
0.3 g of hydrated ferric chloride (/•'^l.S mmole) was dissolved in 100 ml 
of ethanol. The two solutions were mixed lAereupon a dark brown 
precipitate appeared. It was digested for about foior hours on a 
water bath. The precipitate of the complex was filtered and washed 
successively with water and ethanol. It was dried in an air oven 
at 120 for a few ho\irs, yielding a brown coloured complex. 



Anal. Galcd. for Fe(THg)2.3H20: G, 22.7; H, 2.4; N, 13.2; 

S, 45.4; Fe; 8.8. Found: C, 22.3; H, 2.3; N, 12.9; S, 45.0; Fe; 8.3. 


(®) Mono(5.4.5-pyridazine trithiol')chromiuBi(III') 0.3 g sas^le of 
the ligand (TH^) mmole) and 0.3 g of chromium chloride 

(CrGlg)(ru'1.8 mmole) were dissolved in 60 ml and 50 ml re^ectively 
of ethanol • The two solutions were mixed and digested for about 
two hours on a water bath. The precipitate of the complex was 
filtered out and washed successively with water, ethanol and ether. 

It was dried in an air oven at 120 for seven hours, yielding a brown 
coloured complex. 

Anal . Calcd.for Cr(T) : C, 21.3; H, 0.4; N, 12.4; S, 42.7; 

Gr, 23.1. Found; G, 20.9; H, 0.6; N, 12.2; S, 42.4; Cr, 22.8. 

Analyses 

The analyses of the metal ions and sulphur, were carried 

2 5 

out by the standard methods."’ Garbon, hydrogen and nitrogen 
analyses were performed by the llicroanalytical Section of the Indian 
Institute of Toohnology, Kanpur-16, India. The ana3.ytical results 
are given in the text. 

Infrared Spectra .- Infrared spectra of the ligand and the coiqplexes 
were recorded witii a Perkin- Elmer Model 521 diffraction grating , 
Infrared Spectrophotometer in the range of 4000-250 cm . Samples 
were prepared as potassium bromide pellets. The major bands of 
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infrared spectra and their assignments are given in Table 1. 

Magnetic Susceptibility Measurements .- Magnetic susceptibilities 
of these complexes were determined with the help of a Gouy balance 
at room temperature (27^C). Mercury tetrathiocyanato-cobaltate(II) 
was used as a magnetic susceptibility, standard and the diamagnetic 
corrections were estimated by the method outlined by Figgis and lewis. 
The resiilts of magnetic moments of the complexes and their solubilties 
are given in Table II. 

Visible Spectra .- The absorption spectra of the ligand and the 
complexes were recorded on a Cary-14 recording Spectrophotometer in 
nujol mull between 250 myu and 1600 myu. 

RESULTS AND DISCUSSION 

The empirical formulae of all the conplexes are given in the 
text. Their molecifLar weights could not be determined due to 
complete insolubility in any organic or inorganic solvents. However, 
the complete insolubility in any of the solvents indicate the 
polymeric nature of these cortplexes. In these contplexos the ligand 
can behave as mono-, bi-, tri-, tetra-, or pentadentate , depending 
upon the mode of linkage with the metal ion. Also the ligand can 
either act in the form of thione-thiol (X) or thiol form (II) as 
shown in figures of Chapter I. 

The i.r. spectrum of the ligand has not been studied. 
Basically it contains three parts; (i) thioamide (H-N-C-S) group, 
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(ii) cis -dithiol group and (ill) lt=N group. Therefore, its i.r. 
spectrum should show bands characteristic of thioamide group 
(4 bends) , di thiol group (2 barids)^’'^ Ji=N group. ^ However, in such 
a delocsJ-ized system one can not expect piure bands due to such groups 
and therefore, the bands must be highly coupled. Besides the bands 
due toi)(C-H), D(N-H) , ■2)(S-H) , and other bending modes should also be 
present. Tentative assignments of the majority of the bands are 
given in Table 1. 

The presence of the bands due to the -U(N-H) group around 

-1 ~1 
SlOO cm and due tolL>(S-H) group around 2400 cm , suggests the 

ligand to be present in the thiol-thione form. It is quite possible 

that in solution, the ligand may be present in thiol form also due to 

thiol-thione tautomerism. However, we have assumed the ligand to be 

present in the thiol-thione form . Important changes in the 

positions and the intensities of various bands in the spectra of the 

complexes are as follows; 

(a) The spectra of the cobalt, iron and copper complexes 

— 1 ^1 

showed broad bands around 3450 cm , and weak bands at 1600 cm and 

-1 

800 cm . The positions of these bands suggest the presence of 
coordinated water molecules in the conpilex. The presence of coordi- 
nated water was also indicated 'bj heating the complexes around 150 ®G, 
whereby the decrease in weight of the conplexes corresponded to the 
same number of water molecules as given by analyses In the respective 
complexes (after heating, the complexes appeared to be decomposed). 
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Besides these bands, the moderately intense band eiround 3150 cm” 
and weak band around 2400 cm ^ were also present in their spectra. 

These bands suggest the presence of and S—H groups in the 
complexes. 

The spectmim of nickel complex showed a band at 5150 cm~^, 

but no band around 2400 cm Similarly in the spectrum of the 

-1 —1 

copper complex, there appeared no band at 3150 cm and 2400 cm . 

This indicated the presence of the N-H group in the nickel complex 
and the absence of both N-H and S-H groups in the copper complex. 

(b) In the region 1550 cm ^ - 1450 cm**^, there appeared a band 
in the spectrum of the ligand which has been assigned to thioamide 
band(I) coupled with 2j(0=C). Similarly, another band around 1310 cm"”^ 
is assigned to thioamide bands (II), coupled with D{0=C). In the 
spectra of complexes of nickel, cobalt, chromium and iron, the positions 
of these bands were not much shifted (+ 10 cm” ). It can, therefore, 
be inferred that possibly the N-H group is not used in bond forma- 
tion. However, the positions of the thioamide bands (III) and (IV) 
around 1060 cm”^ and 815 cm”^ which might be coupled withl/(C-N), and 
V (G-C) have been shifted to lower wave numbers. Since these bands 
contain major contribution from i/(0=S), the bonding through 
' thiocarbonyl sulphur has been assumed in these conplexes. 

In the spectrum of copper complex, the positions of all the four 
thioamide bands have been shifted to lower wave numbers, indicating 
the interaction of copper with both nitrogen (after deprotonation) 
and thiocarbonyl sulphur. 
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(c) The three characteristic "dithiene” bands^’^ (43 , due 
to perturbed (CJ=C) ,63^ .v-g due to perturbed V(a=S) can not be p-ore 
bands, but must be coupled with other modes of vibration of the 
ligand, e.g., L,) (fcN), U (N=N), u(C-N), ,and V(C=S) of the thioamide 
group .etc In the spectrum of the ligand, the^Og band was not observed, 
but the spectrum of its sodium salt shows two bands at 1160 cm~^ and 


— 1 

1100 cm . Similar bands around the same positions appeared in all 
the complexes. These bands in the spectra of the sodium salt and the 
complexes are assigned to ^ band of the dithiene group. All the 
three characteristic "dithiene" bands are split ones. The splitting 
may be due to the inter-molecular interactions. In the spectra of all 
the complexes, the positions of thedv) 3 bands were shifted to lower 


wave number as compared to that of the ligand in the hydrogen form. 

This indicates that there is definite interaction of thiol siaphur 
atoms with the metal ion. As usual the frequencies at which the 

dithiene bands appeared did not change with the metal ions and remained 
almost invariant. 


(d) The bands in the spectrum of copper complex were broad. 

One may, therefore, tentatively infer that the copper complex is 
highly polymeric in nature. 

(e) New bands appeared in the spectra of all the coirplexes 
around 350 cm . These bands are assigned to ]J (M-S) vibrations. 
Generally in the spectra of the dithiolene complexes, these bands appear 
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—1 —1 

around 400 cm 350 cm Since the spectra were 

• —1 —1 

quite complex in the region of 400 cm , the 400 cm band 

could not be identified. 


Magnetic Moments and Visible Spectra 

The values of the magnetic moments of the various con^lexes 
are given in Table II. These values are much lower than the spin only 
values. This suggests that in all these complexes, there is metal- 
metal interaction such that the spins of the various electrons are 
paired. 


The absorption spectrum of the ligand in nujol mioll showed 

continuous absorption from 1600 myn to 500 myu . Between 500 m^u and 

250 m^, three bands were observed at 500, 410 and 340 m^u. These 

bands may be assigned to F — ij* and n — jj* transitions of the thio- 

carbonyl and thiol groups. In the spectra of the complexes, there 

was continuous absorption from 1500 myu to 550 m^ and these three bands 

in the region 500 mya - 300 mya , were slightly shifted towards shorter 

wave lengths. Besides these bands, there also appeared some shoulders 

which may be assigned to d-d transitions. The spectrum of the nickel 

complex had two shoulders at 740 riyi and 610 m^ . If a distorted 

octahedral geometry is assumed around nickel ion, one should expect 

3 5 

a band in this region due to A_ T. transition. In a distorted 

octahedral field, T^^ term ^ts split, therety producing two or three 
bands respectively. This band should not split in a tetrahedral field 
due to the non-degenerate nature of 


The magnetic moment of 
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nickel complex Is 1.69 B.M., indicating one unpaired electron per 
nickel atom. Thus, tentatively one can assign structure I* to the 
nickel complex. 


In the spectrum of* copper complex, there was only one broad 
band with a maximum at 550 myu . The band at 410 m ^ and 340 m ^ 
appeared only as shoulders. The bands at 550 m^ is characteristic 
of octahedral complex. However, owing to Jahn Teller effect an 
octahedron can not be regular. There might appear other weak bands 
due to lowering of the symmetry. But' these- bands did not appear in 
the spectrum due to the presence of charge transfer bands. The band 


at 340 myu has been intensified and • slightly broadened. Tsuchida,et al 
indicated that all the copper complexes having metal to metal inter- 
action absorb in the 375 myW region. Therefore, the intensification 
and broadening of the 340 m^u band may be due to the presence of 
intense band in this region, due to copper-copper linkage. The metal- 
metal bond is also indicated by the magnetic susceptibility data. 


11-13 

9 


The magnetic moment of the complex is 0.45 B.M., indicating 
partial quenching of the magnetic moment. The quenching may be due 
to direct metal to metal linkage or through super-exchange mechanism. 
It is not possible however, to prefer either of the two mechanisms in 
this case. 

Based on these observations, structure II has been proposed 


for the conplex. 
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The magnetic moment of cobalt (II) and iron(III) complexes 
are quite surprising. The values for cobalt and iron suggest that 
the metal ion has dsp or dsp type of bonding giving the complexes 
a pyramidal or square-planar geometry. Their spectra do not show any 
definite bands which can throw some light on their stereochemistry. 

The magnetic moment of chromium (III) complex is very interes- 
ting. The value is much below even for one unpaired electron. How 
the spin interaction takes place can not be explained. The spectrvim 

(u.v. & visible) indicates only one broad band at 700 m^u (Half width = 

-1 

400 cm ) and therefore, no definite or tentative structure could be 


assigned to the complex. 



Table I 
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Assignments of the Major Infrared Bands of the Ligand, 
Sodim Salt of the Ligand and the Complexes (cm”^) 


Ligand 

Sodium salt 
of the ligand 

Complexe s 

Assignments 

- 


3450^ (B) 

i;(oH) 

5130 

- 

3180^ 

D(N-H) group 

3080 

- 

- 

Fermi resonance 

2400 


2400° (V.W) 

i)(S-H) 

- 


1600®' 

(0-H) in plane 
bending mode 

1520(B) 

1490 

1500(B) 

Thioamide band I 

(split ted) 


(splitted) 

+ i)(0=C) 

1455 (W) 

1455 (W) 

1455 (W)(t 10 ) 

D(k=n) +i>(c=c) 

1365 

1365 

1525 (t 20) 

Thioamide band II® 

( splitted) 


+ D{o=cf 

- 

1160 

1100 

1150).. 

U00)^-^°^ 

);(c-N) 

1060 

1015 

1038 (+ 10) 

Thioamide band III' 

970,940, 

895,860, 

885,850,840(110) 

2)(c-s)^ 

920,900 

840 



- 

- 

800®' 

S(O-H) 

815 

800 

800 ± 20 

Thioamide band IT' 

760 

760 

A/ 760. 

(C-H) out of plane 


- 

/V 550 

l)(M-S)‘^’ 


a) Present in all complexes except those of Ni(ll) and Cr(III); b) Present 

in Co(II), Fe(III) and Ni{II) conplexes; c) Present in Co(II) and Fe(III) 

coii55lexes; d) Due to ^(N— H) +D(C— N)j e) Mainly due toli(C-N) and ii{Q=S)^ 

f ) Characteristic bandWi of cis-di thiol group; g) Mainly due to 

^(C-N) + i)(a=S);h)Characteristic bandCJg of cis-di thiol group +1) (0=S) 
of thioamide group; i) Mainly due to))(C=S); j) The positions of these 
bands varies with the metal ions. 
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Table II 

Solubilities and the Magnetic Moments of the Complexes 



Complexes 

/^eff. 

B.M. 

Solubility 

(a) 

Bis(3,4,5-pyridazine trithiol)- 
hexaaquo-cobalt(II) * Co(THg)g.6H20 

2.7 

I 

(b) 

Mono (3,4, 5-pyridazine trithiol ) - 
nickel (II). Ni(TH) 

1.6 

I 

(c) 

Tetrakis( 3, 4, 5-pyridazine trithiol)- 
decaaquo-pentacopper(II) , 
CUg(T)2(TH)g,10H20 

0.7 

I 

(d) 

Tri s ( 3 , 4 , 5-pyridazine ■ tri thiol ) - 
triaquo-lron( III) . Fe (TH^) g . ^HgO 

4.4 

I 

(e) 

Mono (5,4, 5-pyrida zine trithiol ) - 
chromiuin(lll) . Cr(T) 

0.7 

I 


I) Insoluble in chloroform, carbon -tetrachloride, benzene, tetra- 
hydrofurane, cyclohexane, xylene, toluene, acetone, methanol, dioxane, 
dichloro-e thane and dichloro-me thane. 






■u*)' 



134 


Fig. V.l 


1 . 3,4,5 -Pyrida zine tri th i ol 

2. Sodium salt of 5,4,5-Fyridazine tri thiol 

5. Co(TH2)^.6H20 

4. Nl(TH) 

5. Cu^(T)2(TH)g.lOHgO 

6. Fe(TH2)2.3HgO 

7. Cr(T). 






WAVENUMBER 
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CHAPTER VI 

GHELATIKG BEHAVIOIffi OF 5,4, 5-PYRIDAZINE THITHIOL-II* 

(Pd(0), Pd(II), Rh(I), Hh(II), Bh(III), 
Ra(II), Ru(III), Pt(II) and Pt(IV)) 


In this chapter the preparations of the complexes with 
palladium(O) ; palladiiam(II) ; rhodiTim(I)j rhodium(II); rhodium(III) j 
ruthenium ( II ) ; ruth6nium(III) ; platinum(II) and platinum(IV) with 
3,4,5-pyradazine trithiol are reported. The infrared and visible 
spectra, and the magnetic moments of the complexes have been studied. 
Based on these studies structures have been proposed for the 
eoiiqplexes. 

EXPERIMENTAL 

i^) Preparation of 5.4.5~Pvridazine Tri thiol 

5,4,5-Pyridazine tri thiol C^H^NgS,, (hereafter referred to as 
THg), vras prepared by the method given in Chapter V. 


Communicated to Inorg. Chem. (1972). 
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(B) PreTsaratlon of Metal Complexes 

(a) Mono(5.4.5-pyridazine trithlol)monoftrlphenylphosphine)palladl-um(O) 

Tetrakis(triphen7lphosphine)palladium{0) was prepared by the published 
1 

procedure. 0*40 g of the Pd(P^„). ('-^0*54 mmole) was dissolyed in 
70 ml of ethanol at about 70 To this, 0.4 g of the ligand (TI^) 
(•'^2.3 mmole) in 100 ml of ethanol was added dropwise, whereby a buff 
coloured precipitate appeared. The mixture was digested on a water 
bath at about 80 for ten minutes and kept overnight at room tempera- 
ture. The precipitated coirplex was centrifuged and washed successively 
with hot ethanol, water and finally with ether. It was dried in a 
vacuum desiccator for about eight hours at room temperature, yielding 
a buff coloured complex. 

Anal . Calcd.for C, 48.5, - H, 5.5; N, 5.1; S, 17.7; 

Pd; 19.5. Found; G, 48.2; H, 5.5; N, 4.9; S, 17.3; Pd, 19.1. 

(^) Tris(5.4.5-pyridazine trithiol)dipalladium(II) 0.45 g of the 
ligand (TH^) (•''-'2.5 mmole) was dissolved in 100 ml of ethanol and 0.3 g 
of PdClg 1.6 mmole) was dissolved in very dilute hydrochloric acid. 
The two solutions were mixed and digested on a waterbath for about 
four hours. The precipitate of the complex was filtered out, washed 
successively with water and ethanol. It was dried in an air oven at 
120 °G for ten hours, yielding a brovm coloured complex. 


Anal . Calcd.for Pdg{TH)g(THg) : G, 19.5; H, 1.1; N, 11.4; 

S, 39.1; Pd, 28.9. Found; G, 19.4; H, 0.9; N, 10.9; S, 39.5; Pd, 28.4. 
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^ ° ) £?-4s(3,4,5-pyridazine trithiol)monochloro-rhodiuni(I) . - Tri s ( tri- 
phen7lphosphine)!nonochloro-rhodiuni(I) was prepared by the known 
procedure.^ A solution of 0.3 g of the Rh(P^ 2 )gCl (—0.3 mmole) was 
prepared in 40 ml of benzene. To this, a solution of 0.90 g of the 
ligand ('THg) (•''-^5.6 mmole) in 190 ml of ethanol was added dropwise. 
The mixture was heated on a water bath at about 80 °C for seven 
hours and the precipitated complex was filtered out and washed 
successively with hot benzene, ethanol and finally with ether. It 
was dried in sn air oven at 120 °C for about six hours, yielding a 
brown coloured complex. 

Anal . Calcd.for Rh(TH^) 2 Cl; C, 21.6; H, 1.8; N, 12.6; 

S, 43.2; Rh, 15.5; Cl, 5.3. Found: C, 21.4; H, 1.3; N, 12.4; S, 45.6 
Rh, 15.1; Cl, 4.9. 

(d) Tetraki5(5.4.5-pyridazine trithiol)diaquodirhodi\mi(II) 

r -j 

[Rh(ll) (CClgC 00 )gj 2 complex was prepared by a slightly modified 

3 

Winkhaus and Zeigler method. The greenish blue crystals, thus 
obtained, were dissolved in about 50 ml of ethanol at room tempera- 
ture. The resulting solution was mixed with a solution of 0.30 g 
of the ligand (THg) (—1.7 mnole) in 60 ml of ethanol and digested 
on a water bath at 60-70 °C for about two ho-urs. The precipitated 
complex was filtered out and washed successively with boiling 
ethanol and ether. It was dried in an air -oven at 120 °C overnight, 
yielding a brown coloured coB 5 )lex. 
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Anal . Calcd. for [Eh(THg)2Hg0jp : C, 20. 4j H, 1.7; N, 11.9; 

S, 40.8; Hh, 21.9. Found: C, 20.5; H, 1.2; N, 12.3; S, 40.4; Rh, 21.4. 

(e) 'rris(3.4.5-pyridazine trithiol)dirhodium(III) .- 0.45 g of the 

ligand (TH^) (-■-'2.5 lamole) and 0.3 g of fihCl„ mmole) were 

o 

dissolved in 100 ml and 70 ml of ethanol respectively. The two solutions 
were mixed slowly and digested on a xjater bath for about three hours. 

The precipitate of the complex thus obtained was filtered out and 
washed successively with hot distilled water and ethanol. It was 
dried in an air oven at 120 °C for six hours, yielding a brovm coloured 
complex. 


Anal. Calcd.for RhgCTH)^: C, 19.8; H, 0.8; N, 11.5; S, 39.6; 
Rh, 28.3. Found: C, 20.0; H, 1.2; N, 11.3; S, 39.4; Rh, 28.7. 

(^) Tris(5.4.5-pvridazine trithiol ’Ihexaaquo'^dirutheniumdl) .- The 
Ru(II) con^ilex (RugCl^g) was first obtained as a deep blue species 

4 

by Wilkinson, et al. method. To this deep blue solution 0.4 g of 
the ligand (THg) (''-''2.3 mmole) in .80 ml of ethanol was added. The 
mixture was refluxed for four hours. The resulting precipitate of 
the complex was filtered out and washed successively with hot water, 
ethanol and finally with ether. It was dried in an air oven at 120 
for ten hours, yielding a brown coloured complex. 

Anal . Calcd.for Ru2(TH)(THg)g.6Hg0: C, 17.5; H, 2.4; 

N, 10.1; S, 34.5; Ru, 24.4. Found: C, 17,5; H, 2.9; N, 10.4; 

S, 34.1; Ru, 24.8. 
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(g) Mono(S«4.5-pyridazine trithioI)monochloro-monoaquQrutheniiHn(III) 

0*5 g of the ligand (TH^) mmole) was dissolved in 60 ml of 

ethanol and 0.5 g of RaClgnHgO (■'•“'0.9 mmole) was dissolved in 120 ml 
of ethanol. The two solutions were mixed and digested for about three 
hours on a water bath. The precipitate of the complex was filtered 
out, washed successively with hot water and ethanol. It was dried in 
an air oven at 120^^0 for about eight hours, yielding a brown coloured 
complex . 

Anal . Calcd.for Ru(TH)Cl.H20:, C, 14.6; H, 1.2; N, 8.4; S, 29.5 
Ru, 30.8; Cl, 10.7. Found; C, 15.0; H, 0.9; N, 8.7; S, 28.9; Ru, 30.5 
01 , 11 . 1 . 

(h) Tris(5.4.5-pvrldazine trithlol)diplatinum(II) .- 0.35 g sample 

of the ligand (TH^) 1.9 mmole) was dissolved in 70 ml of ethanol 

and 0.2 g (-■'0.5 mmole) of the KgPtCl^ was dissolved in 25 ml of 
distilled water. The two solutions were mixed whereby a red 
coloured precipitate appeared. It was digested for about two hours 
on a water bath. The precipitate of the complex was centrifuged and 
washed successively with hot water, ethanol and finally with ether. 

It was dried in an air -oven at 120 °C for four hours, yielding a black 
coloured complex. 

Anal . Calcd.for Ptg(TH) 2 (THg) : C, 15.8; H, 0^9; N, 9.2; 

S, 51.5; Pt, 42.7. Found; C, 15.5; H, 1.2; N, 9.5; S, 51.8; 

Pt, 42.2. 
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(i) Bis(5«4y5-pyridazine trithiol)platimjm(IV) »- 0.5 g of the 

ligand (TH^) (~2.8 inmole) was dissolved in 100 ml of ethanol and 
0.25 g of the KpPtClg (■'^■0.36 mmole) in very dilute hydrochloric 
acid. The two solutions were mixed, whereby a black coloured precipi- 
tate was obtained. It was digested for about one hour on a water 
bath. The precipitate of the complex was centrifuged and washed 
successively with hot water, ethanol and finally with ether. It was 
dried in an air oven at 120 °C for six hours, yielding a black coloured 
complex. 

Anal . Calcd. for Pt(TH)g: G, 17.7; H, 0.7; N, 10.5; S, 35.4; 

Pt, 35.9. Found: C, 17.4; H, 1.1; N, 10. 1; S, 34.9; Pt, 35.6. 

O xidation State of Metal Ions 

The oxidation states of the metal ions, Bh(I) and Rh(II) were 
determined by the procedure described in the literature.^ Fh(I) 
titrated for two electron change and Rh(II) for one electron change. 

The oxidation state of palladium in Pd(THg)Pj2)g conplex was 

6 

carried out according to the method given by Malatesta. It indicated 
two electron change per mole of the complex in the reaction. 

(The exact procedure for the determination of the oxidation 
states of the metal ions Rh(I), Eh(II) and Pd{o) complexes are given 
in Chapter IV of the thesis). 
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Methods and Techniques 

The analyses of the metal ions, chloride and sulphur were 

7 8 

carried out by the standard methods given in the literature. ’ 

Carbon, hydrogen, and nitrogen analyses were performed the 
Microanalytical Section of the Indian Institute of Technology, 

Kanpur-16, India. The analytical results are given in the text. 

The infrared spectra, magnetic susceptibility measurements and visible 
spectra of the complexes and the ligand (TH^) have been taken by the 
same method as given iu Chapter V of the thesis. The major bands 
of the infrared spectra and their assignments are given in Table I. 

The results of the magnetic moment of the complexes and their solubili- 
ties are given in Table II. 

RESULTS AND DISCUSSION 

Palladium(o) and Rhodlmd) Complexes 

The analytical data of these complexes (given in the text) 
suggest their formulae to be Pd(TH 5 ^)P ^2 and Rh{TH 2 )jCl. The respective 
oxidation states of the metals in the complexes were verified by the 
oxidation reduction titration which showed two electron change per mole 
of the complex. Most of the complexes of palladium(o) with coordination 
number of four have been shown the tetrahedral geometry and those of 
rhodium(I), the square planar geometry.^ Assuming these geometries 
and the oxidation states, the ligand in these complexes must behave 
as tridentate. The ligand molecule has five positions (two nitrogen 
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This type of resonance is not possible in structures (III), 

(IV) and (V) . Therefore, if the bonding of the metal atom is through 
thiocarbonyl sulphur, the positions of the bands having major contri- 
butions from the bonds (C=S) and (N-H) should move towards higher wave 
numbers, while those having the major contribution from 0=C bond should 

go down. In the spectra of Pd(o) and Eh(I) the positions of (N-H) 

-1 — 1 . 

(''-' 20 cm" ) and that of the thioamide bands (III) and (TV) ('•"-'50 cm ) 

shifted towards higher wave numbers, while the positions of the thio- 

amide bands (I) and (II) are shifted towards lower wave numbers ('^15 cm^) . 

The characteristic thiol band^*^ shifted towards lower 

wave number. Bonding through thiol sulphur atoms, will shift the 

positions of V (C-S) and''2^(S-H) towards lower wave numbers. The 

—1 

characteristic dithiol bands (^'-^g) shifted to around 790 cm and 
810 cm" in palladium(o) and. Rh(I) complexes respectively, Indicating 
metal to thiol sulphur bonding. 

Thus it appears from the i.r. spectral data that the bonds 

in these complexes are through thiol and thione sulphur atoms and not 

through nitrogen atom. Also these elements being classified as class 
11 

'b’ type always prefer to form bonds with more polariaable atoms 
like sulphur. 

Both the cortplexes are diamagnetic indicating the singlet 
ground state, which one should expect if one assumes the preferred 
arrangements of the ligands around the metals atoms Pd(o) , tetrahedral, 
and Rh(I), square planar. 
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The spectrum of Pd(0) in the visible region did not show 


any d-d transition bands. It is quite similar to that of the ligand 
that 

except/the bands in the complex are shifted slightly towards shorter 
wave length side. In the reflectance spectrum of the Rh(I) complex, 


4 

there are two bands at 12,900 cm" and 16,700 cm""^ with relative 
. . . -1 

intensities 1:5. Tlie band at 12,900 cm is broad and very weak, 

-1 

while the one at 16,700 cm is weak or medium intense. Several 

workers have given the energy level scheme of the d system for a 

square planar arrangement to explain the ^ectra of Pd(II) and Pt(II) 
12-15 


-1 


complexes, 


but no assignments have yet been made of the 


electronic spectral bands of square-planar Rh(l) conplexes. But they 


all show a band in the region 20,000 cm' 


-1 


-1 1 
the 12,900 cm band to the spin forbidden transition ^ A, 

-1 


Tentatively we assign 

2g 


13 11 

■^Ig — ^ \g allowed transition \g* 


and the band at 16,700 cm to either spin forbidden transition 

But the 

relatively intense absoiption suggests it to be the singlet-singlet 
transition. 

On the basis of the above studies structiires VI and VII 
can be tentatively assigned to Pd(0) and Rh(I) conplexes respectively. 


Platinmdl) and Palladium(II) Complexes 

Both complexes have the same stereochemical coup o sit ion 
M 2 (TH)g(TH^) . The conplexes of these elements always prefer to have 
the square -planar geometry. 
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The i.r. ^ectra of these complexes show the following 
changes as compared to that of the ligand: (i) The bands due to 
V (N-H), thioamide bands I, II, III and IV and the characteristic 
bands of cis -dithiol groups^ iSO? were split and among the split 
bands, one of the two or mors bands arising due to splitting of the 
original ligand band corresponds with those positions found in the 
spectra of the Pd(0) or Rh(I) complexes i.e. ]/(N-H), thioamide bands 
(III) and (IV) etc, shifted to higher wave number and thioamide band 
(I), (II) and 7-1 (C-S) position shifted to lower wave numbers, indicating 
the bonding through thiocarbonyl siolphur atom. The remaining bands 
correspond to those found in the spectra of those complexes in which 
the metal ions are attached to thiol sulphur only. It indicates that 
in the complexes of Pt(II) and Pd (II), the ligand molecules are attached 
in two ways: (a) one ligand molecule is acting as tridentate and (b) the 
other molecule is acting as bidentate among the two platinum atoms. 

(ii) The bands due toil(S-H) group are present aro-und 2400 cm , but 
the intensity goes down, indicating that all the (S-H) groups are not 
deprotonated. 

These complexes are diamagnetic indicating the singlet ground 
state and also the preferred square-planar geometry of the complexes. 

The reflectance spectrum of palladi'um(II) complex shows only 

•►'1 

one broad band at 20,050 cm*" and that of platin'um(II) , shows two 

—1 —1 

broad bands at 16,150 cm and 30,000 cm with relative absorbance 1:4. 
The long wave length side band in the case of palladium is not observed 
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due to the presence of intense charge transfer bands in that region 

of the spectrum. We assign tentatively the high energy bands at 
—1 —1 

20,050 cm and 30,000 cm in palladium and platinum complexes due 

to singlet.-singlet transition, ^ ®lg ®iiergy band 

at 16,130 cm~^ in platinum cou^jlex due to singlet-triplet transition. 

1 5 

A^g™^ Agg. It is interesting to note that the order in which spin 
allowed bands in rhodim(I), palladium(ll) and platinum(II) • 
conplexes (all d® systems) appeared is Rh(I)< Pd(II) ^ Pt(II), 

The order is the same as that of the increase in Dq value in going 
from lower to higher charge (Rh(l) < Pd(II) ) and also in going from 
the second transition series to third transition series (Pd{II) <Pt(II) ) . 
Similar order in the shift is observed in the singlet — 5=- triplet 
transition also. Thus the visible spectra of these complexes indicate 
the squane-planar geometry. Therefore, we tentatively assign 
structure (VIII) to both the complexes. 

Rhodlum( III) . Ruthenium(II) and Platinum(IV) Complexes 

The analytical data of these complexes suggest their formulae 
to be Rhg(TH)g, Pt(TH)^ and Ru 2 (TH) (TH2)2.6Hg0. The water content 
in ruthenium(II) complex was verified by the decrease in weight on 
heating the complex at 150 °G, which corresponded to three water 
molecules per ruthenium atom. All the three metal ions in these 

9 

complexes prefer to have octahedral geometry. 

The i.r. spectrum of ruthenium(II) con^jlex is similar to those 
of palladium(ll) and platinum(II) complexes, except that there are 
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three extra prominent bands in the ruthenim con^ilex due to water 

—1 —1 —1 
molecules at 3400 cm (B), 1620 cm~ (¥.B) and 880 cm~ (V.B). This 

indicates that the bonding in ruthenium complex is similar to those 

in Pt(ll) and Pd (II) complexes. 

The vibrational spectrum of platinum (IV) compares well with 
those of palladium(o) and rhodium(I). The major differences among 
them are the follovring: (i) (S~H) bands present in the spectra of 

Pd(o) and Rh(I) complexes, disappeared in Pt(IV) complexj (ii) the 
intensities of the bands containing a large contribution fromV (C-N) 
at 1040 cm”^ (thioamide band (III)), 1170 cm~^ and 1110 cm“^ were 
relatively high in the spectrim of the Pt(IV) complex j (iii) the 
position of the cis- dithiol band(II) ('^'-'' 2 ) shifted relatively too 
much lower wave numbers. Its intensity, and that of thioamide band (IV) 
also went down in platinum (IV) complex, indicating more of thiol 
character of the ligand in the conqjlex. One of the possible explana- 
tions for these differences may be that due to very high charge on the 
metal ion, platinum(IV) could polarize the thione-sulphur atom besides 
thiol sulphur atom and the contribution from the resonance structxire 
H\. "" of tautomeric structures (I) and (II) becomes high. 

* -f 

This will tend to raise the intensities of the bands having JJ (C-N) 
contribution and lower down the Intensities of those bands containing 
contribution from'jJ (0=S) . Thus, it appears from the i.r. spectrum 
that the ligand in the platinum (IV) complex is behaving as tridentate 
and is linked to sulphur atoms. 
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The spectrum of rhodiuin(III) coir^slex, shows most of the bands 
as broad ones. However, their positions are the expected ones. The 
spectrum showed bands due to V’(S-H) , V (b-H) groups, indicating the 
presence of these bands in all or a few of the ligand moleciHes. 

The complexes are diamagnetic, indicating them in singlet 
ground state. The diamagnetism in these complexes also suggests the 
octahedral geometries of these complexes. 

The visible spectrum of ruthenium(II) complex showed a weak 

band at 14,700 cm and those of Rh(III) and Pt(IV) complexes at 
—1 —1 

20.000 cm” and 24,000 cm” respectively. In the spectnnn of Pt(IV) 

-1 

complex, there is another very weak band at 17,500 cm and a medium 

-1 

intense band at 30,000 cm having the same intensity as that at 

24.000 cm”^. The position of the bands in Ru(II) and Rh(III) complexes 

are the same as one would expect for the complexes having the octahedral 
16 

geometries. These bands may be due to singlet- singlet transition 
1 1 

T^g. The bands in 1116 Pt(IV) complex are assigned as follows; 

17,500 cm”^ to -^^T^ : 24,000 cm"^ to ^A. — and the one at 
Ig Ig ’ Ig Ig 

-11 1 

50.000 cm to A. positions of these bands correspond 

16 

very well with the other octahedral, complexes of Pt(IV). Using these 

transitions, the values for 10 Dq, Fg and F^ .are calculated to be 
— 1 *-l —1 

27,265 cm , 840 cm and 93 cm respectively. These are within the 
range for the Pt(IV) octahedral complexes. 

Thus on the basis of i.r., visible spectral and magnetic 
moment data, the structures IX, X and XI are tentatively assigned 
for the conplexes. 
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Rhodium(II) and RutheniuiaC III) Complexes : 

The analytical data of these conplexes predicted their formxilae 
as (Rh(THg) 2 .HpO)g and ilu{TH)Cl.HpO. The oxidation state of rhodixm in 
the rhoditmi(II) conplex was found to be +2 by the oxidation-reduction 
reaction. Ihese ions prefer to have octahedral geometry. 

The i.r. spectinin of Ru(III) complex is similar to that of 
Pt(IV) complex, except those differences in the spectrum arising due 
to large charge on the platinum(IV) . This indicates the ligand to 
behave as tridentate. 


The spectrum (band position-vise) of Rh(II) complex is again 
very similar to cobalt(II) complex, Co(THg)g.6H20 (Chapter V) in which 
case the ligand behaved as bidentate. 

These complexes are diamagnetic. This suggests that the magnetic 
moment due to one unpaired spin in both the complexes has been quenched 
forming metal to metal bond, which can be either (T -type of S -type of 
bond. Ihe quenching of magnetic moment can also take place through 
superexchange mechanism also. However, it will be difficult to decide 
among the three possible wa 3 rs through which the quenching can take place# 


The visible spectra of these complexes showed a very broad 
band (half width = 150 myu) with a maxima of around 14,500 cm It 
is very difficult to assign this band to any particular transition 


and no useful information can be derived out of it. 
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Thus on the basis of the i.r. and the magnetic moments of 
these complexes along with structure of the previous diamagnetic 
complexes of these ions/^"^® the tentative structure ZII and XIII 
may be proposed for these complexes.* 
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Table I 


Assignments of the Major Infrared Bands of the ligand, Sodium 
Salt of the Ligand and the Complexes (cm“^) 


Ligand 

Sodium salt _ 

of the ligand Coii?3lexes 

Assignments 

- 

3400^(B) 

V(0H) 

3130 

3140 + (10) 

a>(N-H) 

2400 

2400^(W.B) 

V (S-H) 

— 

1620^ 

(0-H) in plane bending 
mode 

1520(B) 

(splitted) 

1490 ~ 1500(B) ± (10) 

(splitted) 

Thioamide band 1° 
+V(0=C) +y(N=K) 

1455 (W) . 

1455 (W) 1455 (¥) + (lO) 

I^(N=N) +V(G=C) 

- 

1160 . . 

1100 1110) - 

0 

1 

1060 

1015 1090 

Thioamide band III® 

940 

(splitted) 

860 860'' 

(splitted) (splitted) 

}^(C-S)® 

- 

880®" 

& (0-H) 

815 

800 ^-"-845 

Thioamide band 

- 

-^350 

piu-sf 


a) Present in Ru{III), Ru(II)and Rh(II) couplexes; b) Present in all 
complexes except those, of Ru(III) and Pt(IV); e) Due toS (N-H) +]J(C-N); 
d) The intensities of these bands are relatively higher in Pt(IV) and 
Ru(III) conplexes; e) Mainly due toV(C-N) +>*{0=3); f) In case of 
Pd(0) and Rh{I), the band position shifts to 790 cHa”^ and 810 cm“^ 
re^ectively; g) Characteristic band£A)g of el s- di thiol group +l) (C=S) 
of thioamide group; h) Mainly due to p (0=S)* i) The positions of these 
bands varies with the metal ion. 
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Table II 

Solubilities and the Magnetic Moments of the Complexes 



Complexes 

/^eff. 

B.M. 

Solubility 

(a) 

Mono (3,4, 5-pyridazine tri thiol )i!aons- 
(triphenylphosphine )palladium(0) . 
Pd(TH5)P02 

D 

I 

(b) 

Tris( 3, 4, 5-pyridazine trithiol)- 
dipalladium(II). Pd2(TH)g(THg) 

D 

I 

(c) 

Tris (3,4, 5-pyridazine tri thiol ) - 
monochloro-rhodium(I) . Hh(TH^) Cl 

0 o 

D 

I 

(d) 

Te trakis ( 3,4, 5-pyridazine trithiolj - 
diaquo-dirhodium( II) . !.Bh( THg ) ^HgOj ^ 

D 

I 

(e) 

Tris(3,4,5-pyildazine trithiol)- 

dirhodium(lll). Rh„(TH)^ 
c 6 

D 

I 

(f) 

Tris(3,4,5-p3rridazine trithiol)- 
hexaaquo-diruthenium(II) . 
nu(TH)(TH2)g.6HgO 

D 

I 

(g) 

Mono (3,4, 5-pyridazine tri thiol )niono- 
chloro-monoaquo-ruthenium(III) . 
Ru(TH)G1,H20 

D 

I 

(h) 

Tris(3,4,5-pyTidazine tri thiol )- 
diplatinum( II ) . Ptg ( TH) ^ ( TH^ ) 

D 

I 

(i) 

Bis(3, 4, 5-pyridazine trithiol)- 
platinum(IV). Pt(TH)g 

D 

I 


D) Diamagnetic; I) Insoluble in chloroform, carbontetrachloride , 
benzene, tetrahybrofurane, cyclohexane, xylene , toluene , acetone, 
methanol, dioxane, dichloro-ethane and dichloro-methane* 


IS 7 





158 


1 . .. r . , : 

!r:v-A.' XrX 


'^; ' . .. = >U' 


\ / 


o= ■^. ■ 

/ X 

\ / 

■, (_;,_ 0 ' ■• 

/ w 




\ < 

Or=0 

/■ \.. 


\ // 


■■■ I ' ^ X:/ -,. ■':■ 4 
■(/) - ' , ' 


' -\ ■'■ 

' '. ■ . Z— 2 ^ 

/ 

X />*®0 ■ , " O — X 

■■ ■■/■■;■ 

:\ ■ 

;::V'Uli'- : •■ ■ tio-' ■■ 




■■f V- ''^r: 

IS€SPi::l:XS 


A N ■,£ .' 

^ 5,0 - QC‘ 

: 

O — u ';. ' ■'■ 

... / -xv::;. 

X'-— 

:' '■ X:,, ■ 



1S9 





Rucni) 



160 


Fig. VI. 1 


1. 3,4,5-Pyridazine tri thiol 

2. Soditun salt of 3,4,5-Pyridazine tri thiol 

3. ?diTE^)V6^ 

4. Pdg(TH)2(THg) 

5. Hh(THg)gCl 

6. [Rh(TH2)gH20l2 

7. Rh(TH)g 

8. ita(TH)(TH2)g.6HgO 

9. ' Bu( TH) Cl. HgO 

10. Ptg(TH)2(THg) 

11. Pt(TH)g 
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CHAPTER VII 

CHELATING BEHAVIOUR OF 5,4,5-PIRIDAZII«IE TRITHIOL-III^ 
(Au(IIl), Pb(ll), Cd(ll), Ag(I), T1(I) and Hg(II)) 


In this chapter the preparations of the complexes with gold (III), 
lead(II), cadmium(II) , silver(I), thalliumCl) and mercury (II) with 
3,4,5-pyridazine trithiol are discussed. The infrared, and visible 
spectra, and the magnetic moments of the conplexes have been examined 
in detail. Based on these studies, structures of complexes have been 
proposed, 

EXPERIMENTAL 

i^) Preparation of the 5.4.5-Pyridazine Tri thiol 

5,4,5-Pyridazlne trithiol, (hereafter referred as TI^) 

was prepared by the method given in Chapter V* 


* Communicated to J. Inorg. Nucl* Chem. (1972). 
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( B) Preparation of Metal Complexes 

Bis(5,4,5--pyridazine trith.iol)digold(III) 0.3 g of the ligand 
( THg ) ('^-1.7 mmole ) was dissolved in 60 ml of ethanol and 0.2 g of 

AuCl,. {/r O-tS mmole) in 20 ml of distilled 'Water. The two solutions 

were mixed, vjhereby a black coloured precipitate appeared. It was 
digested for about ten minutes on a water bath. The precipitate of 
the complex was centrifuged and washed successively with hot water, 
ethanol and finally, with ether. It was dried in an air oven at 120 C 
for about four hours, yielding a blackish brown coloured complex. 

Anal . Calcd. f or AUgCTH)^: C, 15.7; H, 0.6; N, 9.2; S, 51.4; 

Au, 43.0. Found: G, 16.0; H, 1.0; N, 9.0; S, 31.5; Au, 43.2. 

(t) Monof5,4.5-Pvridazine trithlol)cadmit3m(lI) .- 0.3 g of the ligand 
(THg) ( ^-“'l. 7 mmole) and 0.5 g of CdClg mmole) were dissolved 

in 60 ml and 100 ml respectively of ethanol. The two solutions were 

mixed, whereby a yellow coloured precipitate appeared. It was digested 
for about four hours on a water bath. It was filtered out and washed 
successively with hot water and ethanol. It was dried in an air oven 
at 120 ®C, yielding a yellow coloured complex. 

Anal . Calcd- Cd(TH): C, 16.8; H, 0.7; N, 9.8; S, 53.5; Cd, 39.2. 
Found: C, 17.0; H, 0.6; N, 9.6; S, 33.7; Cd, 33.9. 

(c) Bis(5.4.5-pyridazine trithiol) tri-lead (II) .- 0.4 g (a-' 2.2 mmole) 

sample of the ligand (TH^) was dissolved in 80 ml of ethanol and 1.1 g 
mmole) of (CH^COO' )2Pb*3H20 in 150 nil of methanol. The two 
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solutions 1 /ere mixed, whereupon a red coloured precipitate appeared. 

It was digested for about three hours on a water bath. The precipitated 
complex was filtered out and washed successively with hot water, ethanol 
and methanol. It was dried in an air even at 120 °C, yielding a red 
coloured complex. 

Anal . Calcdfor Pb^(T) • C, 9.9j H, 0.2; N, 5.8; S, 19.8; 

Pb, 64.2. Found: C, 10.1; H, 0.4; N, 5.7; S, 20.1; Pb, 64.4. 

(d) Mono(5.4.5-pyridazine trithlol) tri-silver ( I) 0.3 .g of the ligand 

(THg) (aj 1.7 mmole) was dissolved in 60 ml of ethanol and 0.9 g of 
AgNOg (/^w'O.b mmole) in 50 ml of the distilled water. The two solutions 
were mixed, whereby a yellow coloured precipitate appeared. It was 
digested for about two hours on a water bath. The precipitate of the 
complex was washed successively with hot water and ethanol. It was 
dried in an air oven at 120 °C for three hours, yielding a brownish yellow 
coloured complex. 

Anal . Calcd. for Agg(T): C, 9*6; H, 0.2; N, 5.6; S, 19.5; 

Ag, 65.2. Found; C, 9.8; H, 0.5; N, 5.4; S, 19-4; Ag, 65.4. 

(e) Bis(5.4.5>-pTrida2ine trithiol) tetraaquo-trithallium(I) .~ 0.4 g of 

the ligand (THg) {rv2.2 mmole) was dissolved in 90 ml of ethanol and 
0.6 g of the TlNOg (^^2.2 mmole) in 50 ml of water. The two solutions 
were mixed, whereby a red coloured precipitate appeared. It was 
digested for about two hours on a water bath. The precipitate 

of the complex was filtered out and washed successively with hot water 
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and ethanol. It was dried in an air oven at 120 for a few hours, 
yielding a dark brown coloured complex* 

Anal. Calcd.for Tig ( TH) (THg) .41120; C, 9.3; H, 1.2; N, 5.4; 

S, 18.6; Tl, 59.2. Found: C, 9.4; H, 1.5; N, 5.3; S, 18.4; il, o9.5. 

(f) Tri s ( 5 4 , 5-pyridazine tr ithiol ) 9 ^ til* ~ 0.6 g Oi. the 

ligand (THg) (a^ 5.2 minole) was dissolved in 120 ml of ethanol and 
0.4 g of HgOl, (-1.4 mmole) in 50 ml of water. The two solutions 
were mixed, whereby a yellow colo^ored precipitate appeared. It was 

digested for about two ho.n-s on a water bath. The precipitated complex, 
was filtered out and washed successively with hot water and ethanol. 

It was dried in an air oven at 120^0, yielding an yellow coloured cor^lex. 


Anal . Calcd.for Eg^(Td)^: S, 31.2; Hg, 43.4. Found: S, 31.5; 


Hg, 43.7, 


Methods and Techniqu es 

The analyses of the metal icns and sulphur were carried ouu by 
the etandard mathode given In the llteraturad-" Carbon, hydrogen 
and nitrogen analyses vers performed by the moroanalytioal Section 
of the Indian Institute of Technology, Kanpnr, India. The analytical 
results ore given in the tart. The infrared spectra and magnetic 
susceptibility measurements of the complexes and the ligand (THj) 
have been carried out by the same method as given in Chapter V of 
this thesis. The major bands of the infrared spectra and melr 
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assignments are given in Table I. The results of the magnetic moments 
of the complexes and their solubilities in the solvent are given in 
Table II. 

R ESULTS AND DISCUSSION - 

The analytical data (given in the text) of these complexes 
show that the ligand in these complexes bsha.ves as singly, double and/or 
triply negatively charged anions. 

The complex of silver(I) has the formula Agg(T) in which 

the ligand molecule is completely deprotonated. Since the most stable 
+1 3 

Ag complexes have linear structure and due to complete insolubility 
in all the solvents, the complex should be polynuclear. Based on these 
assumptions the structure (I) is proposed in which the silver is 
bicoordinated and the geometry around the tri coordinated sulphtir is 
pyramidal. The i,r, spectra of the conplex will be similar to the one 
of the sodium salt except that the shifts in the positions of the bands in 
the spectrum of silver cony^lex will be much lar^^er due to higher polari- 
zation of sulphur by silver and larger coordination. Besides due to 
highly polymeric nature of the complex the bands are expected to be 
"broad ones. Exactly the same results were obtained from the i,r» 
spectrum of the complex. In tri sodium salt, one expects bonding 
through sulphur atoms, similarly in silver (I) conplex also, the. 

"bonding of silver atoms with sulphur atoms is postxiLated. Moreover, 

^g(l) is a 'b' class'^ metal ion, and therefore, it will linK with 
sulphur in preference to "nitrogen- atom. 
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'The formula of cadmium(II) coiiiplex is Gd(TH). Sines 

5 

cadittium in its complexes jorefeisto attain tetrahedral geometry 
and if this geometry is assumed in the complex, the ligand will 
behave as tetradentate . 

The i.r. spectrum of the complex sho-ws the following major 
changes as compared to that of the ligand, (a) The positions of 

and thioamide bands (I) and (II) which contains large contri- 
bution from<^(K-H) ha\''e been shifted to lower wave nmbers. (b) The 
positions of thioamide bands (III) and(IV) having major contribution 
from <I(C=S) andi}(C-N) shifted to higher wave numbers, and (c)-j/(S-H) 
bands were absent in the spectra. Tlie direction of the shifts in 
the band position indicate that the bonding is through thiol sulphur 
after deprotonation and through thione siolphur atom and the nitrogen 
atom without deprotonation. 

The coii 5 >lex is diamagnetic and the spectrum in the visible 
and u.v. region resembles that of the ligand with a minor shifts 
in the band positions. Thus, along vdth the i.r. spectral and 
analytical data indicate the structure (II) for the complex. 

Lead(ll) complex has the formula Pb^(T)^. The i.r. spectrum 
is similar to that of the silver(I) conrolex, except that the positions 
of thioamide bands (III) and (IV) shifted to higher wave numbers, 
indicating the bonding through nitrogen. Similarly the position of 
iJ(C-N) (1160 cm”^) band moves-up indicating the bonding through 
nitrogen atom.^ There is no band due to 1 )(N-H) and ll(S-H), indicating 
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the couple te deprotonation of the ligand except ^C-H group. 

Assuming the preferred geometry of the lead complexes as 
3 

tetrahedral, the structure III of the complex is proposed. This 
has been further substantiated by its diamagnetic behaviour. 

G-old(III) complex has the formula AUg(TH)^. Most of the 

5 

diamagnetic four coordinated gold(III) complexes are square planar. 

The diamagnetism of the complex Indicates its square planarity. Its 
i.r. spectimm is similar to that of cadmium(II) complex, indicating 
the bonding through thiol sulphur atoms after deprotonation and nitrogen 
atom without deprotonation. It is highly polymeric, which is suggested 
by the broad i.r. bands appearing in the spectrum and its complete 
insolubility in all the solvents. Therefore, the structure IV is 
proposed for the complex. 

The i.r. spectrum of mercui7/(II) complex, Hgg(TH)g, is similar 
to that of gold(III) complex. It is diamagnetic. Since most of Hg(II) 
complexes are tetrahedral, its geometry is a-ssumed to be tetrahedron. 
Hence the structure is proposed for the complex which is similar to 
gold( III) complex except that aromd gold, the ligands are arranged in 
a square planar way whereas in mercurjr, the .arrangement is 
tetrahedral. 

The general formula for thallium(I) complex is Tlj(TH) (THg) .iHgO, 

The i.r. spectrum does not show any band due to l-’(N-H), but the band 

—1 

due to i)(S-H) is present at 2400 cm . Hie positions of thioamide 
bands I and II shifts to lower wave numbers, while those of thioamide 
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band (III) and (IV) remains practically unchanged. This indicates 

that H-N~C-S group is taking part in the bond .formation. The bands 

due to'|)(0-H), ^(C-H) and<f(0-H) are present in the usual positions. 
— 1 <— 1 . 1 

(3400 cm , 1600 cm~ and SOO cm” respectively). The positions of 

— t —1 

dithiolene bands I and II at 950 cm" and 1300 cm" , shift only 
slightly towards lower wave numbers, indicating an interaction of 
thiol sulphur with metal ion. Thus, structure V is proposed for 
the complex. 
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Table II 


Solubilities and liagnetic Moments of the Complexes 



Con'ipler'c 

/^eff. 

B.M. 

Solubility 

(a) 

Tri s ( 5 , 4 , 5-pyridazine trithiol ) - 
digold (III). 

0 

D 

I 

(b) 

Mono( 3 5 4 5 S-pyridazine trithiol)- 
cadraium.( II) . Cd(TH) 

D 

I 

(c) 

Bi s ( 5 , 4 , 5-pyridazine tri thiol ) - 
trilead(II). Pb^CT)^ 

D 

I 

(d) 

Mono (5,4,5 -p 3 ?’rida zine tri thi ol ) - 
tri silver ( I ) . Ag^ ( T ) 

D 

1 

(e) 

Bl s ( 3 , 4 , 5-pyrida zine tri thiol ) - 
tetraaquo-trithallivm(l) . 
Tl3(TH)(THg).4H20 

D 

I 

if) 

Tris( 3 , 4 , 5-pyridazine trithiol) - 
dimercur 3 r(ll) . Hg 2 (TH)g 

D 

I 


D) Diamagnetic; I) Insoluble in chloroform, carbon-tetrachloride, 
benzene, tetrahydrofursne, cyclohexane, xylene, toluene, acetone, 
methanol, dioxane, dichloro~e thane and dichloro-me thane. 
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Fig. VII. 1 

1- 5,4,5-PTridazine tri thiol 

2. Sodium salt of 3,4,5-PyridazirLe trithiol 

4. Cd(TH) 

5. 

6. Ag3(T)'" 

7. Tl3(TH)(THg).4H20. 

8. HggCTK)^. 















.<-^f '^V '“'’ r^". 




182 


REFEHENCES 

1. A. I. Vogel, "A Text Book of Quantitative Inorganic Chemistr 3 r”, 
Longmans, Green and Co., London, 1962, pp. 339, 462, 482, 

486, 513, 543. 

2. F.P. Treadwell and W.T. Hall, " Analytical Chemistry", Vol.II, 
John Wiley and Sons, Inc., New York, K.Y., 1958- 

3. ?.A. Gotten and G. Wilkin son, ’’Advanced Inorgai'iic Chemistry, 

A Comprehensive Text", Interscience Publishers, Inc», New York, 
N.Y.,' 1966. 

4. Ahrland J. Chatt, and N-R. Davies, Quart. Rev., 3^, 265 (1958), 

5. K. I'fe.kamoto , "Infrared Spectra of Inorganic and Coordination 
Compounds", John Wiley and Sons, Inc., Nevj York, N.Y., 1964, 

1st Edn., p. 184. 



183 


CH.4PTER VIII 

SUMMRI 


The present thesis is divided into seven chapters. 

Chapter I deals with the object and scope of the work and a brief 
review on the coinplexing properties of the ligands containing 
H-N-C-S and HS-CbC-SH groups. In Chapter II to VII prepara- 
tions of the metal complexes with 2,4-dithiouracil and 3,4,5-pyri- 
dazine-trithiol respectively and elucidations of their possible 
stmictures using analytical, spectroscopic (visible and infrared) 
and magnetic susceptibility data have been dealt. 

The complexing behaviour of 2,4-dithioTiracil(TU) has been 
disucssed in Chapters II, III & IV. The metal ions used for 
complexation with (TU) were Pd(0), Pd(II), Pd(IV), Rh(I), Rh(II), 
Rh(III), Pu(II), Ru(III), Pt(II), Pt(rV), Au(lII), Co(II), Ni(II), 
Cu(II), Pb{II), Cd(II), Ag(I), and Tl(I). Table I of Chapter I 
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describes the stoichiometries and the spatial arrangement of the 
ligands around the metal ions which have been arrived at using i.r., 
visible, sspectral, and magnetic data. In some cases the numerical 
values of the crystal field strength of the ligand 10 Dq, B and 
(B/B') have been calculated using ligand field theory and thereby 
the ligand’s position in the spectrochsmical and nephelauxetic 
series ha? been indicated, ' It is found that the ligand (TU) behave 
as tetradentate in Cd(ll), Ni(II), Pb(ll) and Ra(ll), tridente.te in 
Cu(II), bidentate in Co(II), Tl(I), Hh(III), Ku(III), Pd(II), Pd(r/), 
Pt(II), Pt(I¥) and Rh(II), and monodentate in Ag(I), Pd(0) and Hh(I) . 
It has been observed that nitrogen and sulph^I^ atoms are the 
bonding sites in the complexes. The complete insolubilities of all 
the complexes in organic and inorganic solvents predicts their poly- 
meric nature. The structures of the complexes are given in their 
respective chapters. 

In the next three chapters, the complexing behaviour of 
3,4,5~p3rridazine trithiol has been dealt. The metal ions used 

for the complexation ^^rith (TH^) were Pd(o), Pd(II), Pd(lV), Rh(I), 
Rh(II), Sh(lII), Su(II), Ru(III), Pt(II), Pt(r7), Au(IIl), Co(II), 
Ni(II), Cu(II), Fe(III), Cr(III), Pb(II), Cd(II), Ag(I), Tl(l), and 
Hg(II). The procedure for the preparations and the analytical results 
of the complexes are described. A brief procedure for the preparation 
of the ligand (TH^) is given in Chapter V. Their i.r. spectra have 
been discussed- The visible spectra and the magnetic moments values 
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are interpreted in the light of Idgand ^ield Theory. The low 
values of the magnetic moments of the complexes Ni(II), Gu(II), Fe(III), 
Co(II) and Cr(III) suggest that in all these complexes there is 
intermetal ion interaction such that the spins of the various 
electrons are paired. 

Due to theoresence of three sulphur and two nitrogen atoms in the 
ligand (TH^), it can act as mono-, bi-, tri-, tetra-, and pentadentate 
doponding upon the mode of linkage with the meta.! ions# It has been 
found that it behaves as tatradentate in A‘u(lII )5 Hg(ll), Cq(iI), tri— 
dentate in Ru(III) and Pt(IV), bidentate in Co(II) and Rh(Il) and both 
bidentate and tridentate in Ru(II), Pt(II) and Pd(II). The stoichio- 
metries and the spatial arrangements of the ligand around the central 
metal ions are given in Table I (Chapter I)# It has been observed 
that the bonding in the metal complexes is through nitrogen, uhiocar- 
bonyl sulphur and dithiolene sulphur atojps# The complete insolubilities 
of all the complexes in organic and inorganic solvents predicts their 
polymiiieric nature. The structures of the complexes are given in their 
respective chapters. 

-1 

The presence of the bands due to (N-H) group around 3100 cm 
and due to (S— H) group around 2400 cm in the i#r# spectra of the 
ligand (TH^), suggests the ligand to be present in the thiol— uhione 
form (structure X of Chapter 1). 
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